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This  user's  guide  describes  a  model  for  determining  repair  level  decisions  by  considering 
life  cycle  maintenance  related  costs.  The  model  formulates  the  repair  level  decision 
problem  as  a  network  analysis  problem-  This  approach  was  chosen  because  it  explicitly 
considers  the  indenture  level  relationships  between  items  (Line  Replaceable  Units 
(LRUs)^  and  (Shop  Replaceable  Units  (SR Us)),  and  considers  support  equipment  as  a 
resource  shared  by  a  group  of  items.  Although  the  decision  problem  is  formulated  as  a 
cost  network  it  is  not  necessary  for  the  user  to  construct  the  network  or  manually  solve 
it.  This  is  done  by  the  computer  program  written  for  the  model. 

This  edition  is  identical  to  the  February  19S3  version  except  that  (a)  several  appendices 
issued  after  that  date  have  been  incorporated  into  the  body  of  the  work,  (b)  procedures 
for  handling  multiple  identical  SRUs  in  an  LRU  and  one  type  of  SRU  in  several  LRUs 
are  given,  and  (c)  some  technical  explanations  have  been  expanded.  The  explanation  of 
the  operation  of  the  network,  the  glossary  of  variables,  and  the  NRLA  cost  equations 
have  been  removed  from  the  main  body  but  retained  as  appendices.  The  main  body  of 
the  text  now  consists  of  material  required  to  understand  why  Network  Repair  Level 
Analysis  is  done,  data  preparation,  and  interpretation  of  output. 


Earlier  editions  of  this  guide  should  be  discarded. 
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1.  General  Description 


1.1  Repair  level  analysis  (RLAl  is  the  general  process  of  determining  whether 
components  of  weapons  systems  or  other  systems  should  be  repaired  or  scrapped  and,  if 
repaired,  where  repaired.  The  regulation  Repair  Level  Analysis  Program 
(AFSCR/AFLCR  SOO-28)  gives  policy.  The  pamphlet  Repair  Level  Analysis  Procedures 
(AFLCP/AFSCP  SOO-s,  25  Nov  83)  gives  technical  procedures.  The  pamphlet  describes 
several  ways  of  doing  repair  level  analysis  incluaing  network  repair  level  analysis 
(NRLA). 

NRLA  is  the  preferred  means  of  performing  RLA.  It  solves  the  RLA  problem 
for  line  replaceable  units  (LRUs)  and  snop  replaceable  units  (SRUs).  (b)  It  solves  the 
problem  by  failure  mode,  recognizing  that  an  LRU  may  fail  in  any  of  several  different 
ways.  It  treats  the  individual  failure  modes  as  part  of  the  overall  problem,  (c)  Most 
important,  it  treats  the  problem  of  shared  support  equipment  (SE)  successfully.  When 
different  items  share  use  of  SE,  item  repair  level  analysis  (IRLA)  and  othe!"  solution 
procedures  require  proration  o'  SE  costs  to  the  LRU  or  SRU  to  achieve  a  solution.  It 
can  be  shown  that  any  proration  procedure  is  inherently  incorrect.  The  NRLA  computer 
program  structures  the  problem  as  a  network,  solves  the  network  and  achieves  a 
systemwide  optimal  solution  to  the  problem  with  •>0  proration. 

The  repair  level  decisions  involve  choosing  among  the  alternatives:  depot-level 
repair,  discard,  and  intermediate  level  repair.  For  many  components,  all  reparable 
failure  modes  are  assigned  the  same  repair  alternative;  however,  some  components  may, 
for  example,  have  intermediate  repair  assigned  for  some  failure  modes  and  depot  repair 
assigned  for  other  failure  modes.  Included  among  the  factors  influencing  each  repair- 
level  decision  are  the  life  cycle  costs  associated  with  each  repair  level,  mobility  and 
deployment  requirements  for  the  end-item,  available  maintenance  personnel  and  skill 
levels  at  base  and  depot,  and  the  availability  of  support  equipment  and  repair  facilities 
at  base  and  depot. 

The  NRLA  model  described  here  deals  only  with  economic  factors  affecting  the 
repair  level  decisions.  Thus,  the  repair  level  recommendations  made  by  the  model  must 
be  used  in  conjunction  with  the  non-economic  factors  when  making  final  repair  level 
oecisions. 

In  the  model,  the  economic  analysis  of  repair  level  decisions  is  based  on  specific 
life  cycle  costs  associated  with  each  repair  level  option.  However,  the  NRLA  model  is 
not  a  comprehensive  life  cycle  cost  (LCC)  model  because  it  does  not  attempt  to  include 
all  life  cycle  cost  elements.  It  only  includes  those  costs  which  directly  impact  the 
repair  level  decisions. 

As  its  name  implies,  the  NRLA  model  formulates  the  repair -level  decision 
problem  in  terms  of  a  network.  This  approach  is  used  because  it  specifically  considers 
line  replaceable  unit  (LRU)  to  shop  replaceable  unit  (SRU)  indenture-level  relationships 
and  it  treats  each  unique  support  equipment  (SE)  as  a  repair  resource  which  may  be 
shared  by  a  group  of  LRUs  and/or  SRUs.  In  essence,  the  model  uses  life  cycle-costs 
with  LRU/SRU/SE  interdependency  relationships  to  construct  a  network  representation 
of  the  repair  level  decision  problem.  Details  of  network  construction  and  solution  are 
given  in  the  appendices. 
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1.2  Updating  NRLA.  When  a  NRLA  user  is  to  begin  a  new  program,  it  is  his 
responsibility  to  confirm  with  the  program  office  or  AFALC/XRS  that  he  has  a  current 
version  of  the  NRLA  computer  program.  When  NRLA  updates  become  available  during 
the  course  of  a  program,  these  changes  should  be  implemented  with  consent  of  the 
program  office  and  AFALC/XRS.  Any  programming  changes  made  as  a  result  of  this 
paragraph  must  be  at  no  charge  to  the  government  unless  normal  contract  change 
procedures  have  been  followed. 

1.3  Basic  Approach.  The  NRLA  model  is  an  analytical  technique  to  be  used  as  an  aid 
in  making  repair-level  decisions.  This  technique  is  fundamentally  different  from  the 
previous  Air  Force  repair -level  analysis  methodology  in  a  number  of  significant  ways. 
(1)  The  model  recognizes  LRU  and  5RU  indenture-level  relationships  and  uses  the 
information  to  preclude  inconsistent  decisions;  for  example,  discarding  a  failed  LRU  and 
doing  base  repair  for  one  or  more  SRUs  within  it.  (2)  It  determines  repair-level 
recommendations  simultaneously  for  all  the  failure  modes  of  a  group  of  LRUs  and  for 
the  SRUs  associated  with  the  LRUs,  as  opposed  to  considering  each  failure  mode  and 
SRU  independently.  (3)  The  support  equipment  required  to  accomplish  LRU  and/or  SRU 
repair  is  considered  to  be  a  resource  whose  cost  must  be  economically  justified  by  the 
group  of  LRUs  and/or  SRUs  which  require  it.  This  cost  is  jointly  shared  by  the  group  of 
items  requiring  the  resource;  however,  the  cost  is  not  prorated  to  the  individual  items  in 
the  group.  (4)  Finally,  as  a  consequence  of  these  fundamental  differences  the  model  is 
able  to  make  repair-level  recommendations  such  that  the  total  cost  for  the  group  of 
LRUs  and  SRUs  is  minimized.  Thus,  the  model  determines  the  economically  optimum 
set  of  repair  level  decisions  for  the  entire  group  of  items. 

The  model  determines  repair  level  recommendations  based  solely  on  economic 
considerations.  The  costs  associated  with  each  repair  level  option  are  those  which  are 
specifically  incurred  as  a  result  of  choosing  the  option.  Thus,  the  life  cycle  costs  for 
spares  and  support  equipment  are  mc'uded  because  the  total  expenditure  is  a  function  of 
the  repair-level  decisions.  Conversely,  costs  associated  with  repair -in-place 
maintenance  and  LRU  removal  from  the  end-item  are  not  included  in  the  model  because 
they  are  incurred  '■egardless  of  the  off-equiprnent  repair-level  decision. 

Cost  values  used  by  the  model  for  determining  repair -level  decisions  are  based  on 
data  factors  relevant  to  the;  (1)  end-item  utilization,  (2)  maintenance  system  costs, 
(3)  supply  system  costs,  W  support  equipment  costs,  and  (5)  LRU  and  SRU  costs. 

Throughout  the  NRLA  pamphlet  the  following  definition  applies:  Life  cycle  cost 
means  life  cycle  costs  with  respect  to  the  NRLA  model.  Therefore,  the  term  life-cycle 
cost,  as  used  throughout  this  user's  guide,  means  the  total  cost  to  the  government  over 
the  life  of  the  system  which  can  be  affected  by  the  repair-level  decision.  This  may  vary 
greatly  from  cost  values  derived  from  other  kinds  of  LCC  models. 

1.4  Model  Assumptions.  The  model  makes  a  number  of  assumptions  which  should  be 
understood  by  the  user.  Appropriate  modifications  should  be  made  to  the  model  if  these 
assumptions  are  not  valid  for  a  particular  application. 

1.  The  logistics  system  is  composed  of  some  number  of  operational  locations 
(bases)  and  some  number  of  centralized  repair  facilities  (depots)  supporting  the  bases. 
The  user  specifies  the  number  of  bares  and  the  level  of  end-item  utilization  at  a  base 
(assumed  to  be  equal  for  all  bases).  The  number  of  depots  utilized  by  the  bases  is  not 
specified  because  It  is  irrele  vant.  It  is  assumed  that  if  the  bases  send  a  particular  LRU 
or  SRU  to  a  depo;  for  repair,  then  all  bases  send  tVieir  reparables  of  that  item  to  the 
same  depot  for  repair.  Thu^.,  the  svstem  b'^haves  as  if  there  were  only  one  depot. 


2.  Base-lev  =•!  maintenance  syster.',  data  (a'-ailabic  work  time  per  man,  labor  rate, 
and  turnover  rate)  are  as.vumc'a  to  be  equal  for  all  bases  and  all  types  of  repair  tasks.  It 
is  also  assumed  that  the  corresponding  data  'ac.nrs  are  constant  for  tlie  depots  and  the 
variou,'  repair  tasks  accomplished  at  depot  level. 

3.  Supply  systerr.  data  factors  (see  Chapter  2)  are  assumed  to  be  constant  for  all 
LRUs  and  SRUs  being  analyzed.  Thus,  the  order  and  shipping  time  from  depot  to  each 
CONUS  base  is  a  constant  for  every  item.  Similarly,  the  order  and  shipping  time  from 
depot  to  each  overseas  base  is  a  constant. 

4.  Only  one  set  of  technical  data  is  ourchaseci  from  the  contractor.  Further, 
duplication  and  distribution  costs  for  additional  sets  oi  data  are  minor  and  are  ignored. 

5.  Scheduled  ma, ntenance  actions  are  .ot  specifically  considered  by  the  model. 
If  they  exist  they  may  he  included  by  designating  an  additional  failure  mode  for  the 
affected  items  and  appropriately  modifying  the  LRU  failure  rate. 

6.  The  model  explicitly  evaluates  each  LRU  failure  mode  for  a  repair  level 
decision;  hov/ever,  a  simplifying  assumption  is  made  for  SRUs.  It  is  assumed  that  the 
different  failure  modes  of  an  SRU  are  sufficiently  similar  (in  terms  of  support 
equipment,  repair  time,  and  repair  skills)  so  that  explicitly  evaluating  the  principle  SRU 
failure  mode  is  adequate. 

7.  Depot  stock  of  SRUs  is  computed  to  satisfy  base-level  demands  for  SRUs, 
that  is,  to  resupply  the  bases  when  they  send  SRUs  to  depot  for  repair.  Thus,  the  SRU 
stock  level  supports  base  level  SRU  remove  and  replace  maintenance  actions  but  not 
depot  level  lemove  and  replace  actions. 

1.5  Treatment  of  Support  Equipment.  The  ina;o.-  difference  between  the  NRLA  model 
and  some  other  repair  level  analysis  techniques  is  the  treatment  of  support  equipment 
and  its  cost.  The  ratior.c  e  for  the  NRLA  approach  can  best  be  explained  by  illustrating 
a  problem  inherent  in  Item  Repair  Level  Analysis  (IRLA). 

Suppose  that  five  different  items  (LRUs  and/or  SRUs)  are  being  analyzed  for 
repair-level  decisions  and  that  ali  five  items  require  the  same  piece  of  new  support 
equipment  which  costs  $10,000.  Further,  suppose  that  each  of  the  five  items  would 
require  precisely  the  same  amount  of  support  equipment  time  per  month  and  that  one 
unit  of  the  SE  would  be  more  than  adequate  for  all  repairs. 

When  considering  the  base  level  repair  option  for  these  items,  some  repair-level 
analysis  techniques  prorate  the  $10,000  SC  cost.  In  this  case,  $2,000  is  applied  to  each 
item.  This  leads  to  a  problem  if  some,  but  not  ali  of  the  items,  are  selected  for  base 
level  repair. 

For  example,  thiC  analysis  might  recommend  base  repair  for  three  items  and  depot 
repair  for  two  of  the  items.  This  result  would  imply  that  two  of  the  items  could  not 
economically  justify  their  $2,000  share  of  the  SE  cost,  the  other  three  could. 
Unfortunately,  these  decisions  only  account  for  60%  of  the  total  SE  cost.  Therefore,  it 
would  be  necessary  to  reallocate  the  SE  cost  to  the  three  items  and  once  again 
determine  the  repair  level  recommendations.  Unfortunately,  it  is  again  possible  that  at 
least  one  of  the  three  items  would  not  get  a  base-level  repair  recommendation. 
Consequently,  the  total  SE  cost  might  have  to  be  reallocated  again  and  the  process 
repeated. 


Successively  eliminating  items  from  consideration  for  base  repair  could  lead  to  a 
depot-level  decision  for  each  item  when,  in  fact,  it  is  economically  justifiable  to  repair 
them  at  base  level.  That  is,  there  could  be  some  percentage  allocation  of  the  $10,000 
such  that  each  of  the  five  items  could  economically  justify  its  share.  As  an  example, 
suppose  the  above  five  items  could  economically  justify  SE  expenditures  of  $3500, 
$3500,  $2000,  $1000,  and  $1000,  respectively.  The  iterative  SE  cost  allocation 
procedure  described  above  would  ultimately  lead  to  a  depot  repair  decision  for  each  of 
the  five  items  even  though  they  collectively  could  economically  justify  the  expenditure 
of  $11,000  for  SE.  Determining  the  best  way  to  allocate  SE  costs  is  often  extremely 
difficult,  particularly  when  many  items  and/or  many  support  equipment  resources  are 
involved. 

The  NRLA  model  has  a  distinct  advantage  over  proration  methods  because  it 
avoids  the  proration  problem  by  not  attempting  to  allocate  SE  costs  to  individual  items. 
In  the  network  formulation  the  total  cost  for  each  SE  is  structurally  tied  to  each  LRU 
and  SRU  which  requires  the  SE.  This  structural  tie  is  constructed  in  a  way  that  permits 
the  network  solution  algorithm  to  select  only  the  SE  resources  which  are  economically 
justified  by  the  using  items  and  which  minimize  overall  costs. 

It  should  be  noted  that  IRLA  was  satisfactory  when  SE  costs  were  relatively  low 
compared  to  total  RLA  costs.  As  SE  costs  have  risen,  the  proration  problem  has 
become  acute,  leading  to  the  development  of  NRLA. 


2.  NRLA  Prog.  a.ii  Operation 


2.1  Introduction 

The  NRLA  Progra.r  has  been  set  up  to  n.ake  ,t  easy  for  the  user  to  understand  the 
input  and  the  output.  Acronyms  have  delibeiately  been  avoided  in  the  output  tor  this 
reason. 


There  are  eight  types  of  data  records  uncd  for  input:  (1)  Weapons  System  Data 
ana  Options,  (2)"’Maintenance  System  Da.a,  (3)  Supply  System  Data  (Figure  1), 
(4)  Support  Equipment  Data  (Figure  2),  (5)  LRLi  Description  (rigure  3),  (6)  LRU  Failure 
Modes  (Figure  4),  (?)  SRU  Data  Record  (Figure  5),  and  (8)  SE  Resource  Number^ 
(Figure  6). 

Identification  of  input  records  is  as  follo'jvs.  Input  data  records  art  numbered  two 
ways,  (1)  by  data  record  type,  and  (2)  by  tne  entries  in  columns  1  and  2.  The  former  are 
for  rapid  reference  by  the  user.  The  latter  are  for  use  by  the  program.  Table  1  shows 
the  relationship. 
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DATA  RECORD  RELATIONSHIPS 


DATA 

DATA  1 

COLUMN* 

RECORD  NAME 

RECORD  TYPE 

1 

^2 

j  Weapons  System 

1 

- 

- 

1  Maintenance  System 

2 

}  Supply  System 

3 

‘ 

- 

i  Support  Equipment 

4 

1 

- 

i  LRiJ 

5 

3 

1 

!  LRU  Fail  Mode 

6 

4 

1 

i  SRU 

7 

3 

1 

1 

t 

3 

2 

1  LRU/SRU/SE 

8 

4 

2 

1  CROSS  REFERENCE 

5 

2 

♦The  means  that  input  section  gives  the  required  entires. 


There  are  also  eight  types  of  output:  (1)  General  Information,  (2)  Support 
Equipment  Input  Values,  (3)  LRU/SRU/SE  Relationships,  (4)  Computed  Support 
Equipment  Costs,  (5)  Support  Equipment  Requirements,  (6)  Repair  Level  Decisions, 
(7)  Repair  Level  Decision  Details,  and  (8)  Sensitivity  Analysis.  The  output  will  be 
discussed  in  Chapter  3. 

The  Data  Input  Forms,  Figures  1-6  are  suitable  for  reproduction.  Figure  7 
contains  a  listing  of  the  data  used  to  generate  the  sample  problem. 
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MOD.THRT.EMT  47  020  10  1  120  10004  50  200  ITHIS  AREA  FOR  RUN  IDENT. 

132  1642  136  3485  0.33  0.15 

10420  10420  20.0  0.27  0.53  0.43  0.54  1.28  1.44  .289  .573  190. 

11001  NULTIHETER  90.  ^.80  1  2.5  200  0 

12002  OSCILLOSCOPE  2375.  47.5  1  1.8  200  0 

12003  SIGNAL. GEN.  4750.  95.0  1  1.2  200  0 

12004  PULSE. GEN.  1350.  27.0  1  0.5  200  0 

12005  POWER. SUPPLY  600.  12.0  1  2.5  200  0 

12006  UNIV. BRIDGE  1375.  27.5  1  0.1  200  0 

15001  MULTIMETER.*  90.  1.80  1  2.5  200  0 

16002  OSCILLQSCOP*  2375.  47.5  1  1.8  200  0 

16003  SIGNAL. GEN.*  4750.  95.0  1  1.2  200  0 

16004  PULSE. GEN..*  1350.  27.0  1  0.5  200  0 

16005  POWER. SUPP.*  600.  12.0  1  2.5  200  0 

16006  UNIV. BRIDGE*  1375.  27.5  1  0.1  200  0 

99 


31 

LRU02 

ISOL  REACTOR 

4. 

1280.  5.0 

1 .0 

1.5 

1.5  .33 

.1 

6 

25000 

31 

LRU03 

DESPIKER  3D 

4. 

1394.  1.5 

1 .0 

1.5 

1.5  .33 

.  1 

8 

3000 

31 

LR'J04 

OAR  RW  ENERG 

1  . 

5166.  1.5 

1  .0 

1 .5 

1.5  .33 

,  '* 

6 

3500 

31 

LRU05 

SCR  ASSY 

1  . 

4552.  1.0 

1 .0 

;  .5 

1.5  .33 

.  1 

2 

5000 

31 

LRU06 

FAULT  BD  ASY 

1  . 

1770.  1.0 

1  .0 

1 .5 

1.5  .33 

.  1 

8300000 

31 

LRU07 

ENGY  REG  3D 

1  . 

2306.  1.0 

1  .0 

1.5 

1.5  .33 

.  1 

8 

3500 

i1 

LRU08 

TRG  AMP  B3 

4 

1524.  1.0 

1 .0 

1 .5 

1.5  ,33 

.  1 

10 

3500 

3' 

LRU09 

SWTCH  SCR  AY 

1  , 

17670.  5.0 

t  .0 

1 .5 

1.5  .33 

.1 

8 

2500 

II 

LRU10 

STOR  CAP  mad 

4. 

2238.  0.3 

1.0 

'.5 

1.5  .33 

.  1 

4 

15000 

31 

LRU14 

PPN/SWT  Y7MR 

1  . 

19810.  1.0 

1  .0 

1 .5 

1.5  .33 

.1 

2 

5000 

31 

LRU15 

PULSE  TRANSF 

4. 

5142.  25. 

1.0 

1  .5 

1.5  .53 

,  1 

4 

3500 

j1 

'.RU1  6 

FIL  PGM  CARD 

1  . 

2682.  I.O 

I.O 

1.5 

1.5  .33 

.  1 

8 

2500 

31 

LRU17 

MOTOR  ASST 

2. 

<7656.  25. 

1 .0 

1 .5 

' .5  .33 

,  1 

2 

7500 

31 

LRU18 

ASSY  MTR  LD 

1 . 

1250.  10. 

1  .0 

1 .5 

1.5  .33 

.1 

2 

5000 

31 

LRU19 

RESISTOR  ASY 

4. 

1170.  2.0 

1.0 

1.5 

1.5  .33 

.1 

2 

50000 

31 

LRU20 

POWER  SUPPLY 

1  . 

11(56.  45. 

1.0 

1.5 

1.5  .33 

.1 

2 

10000 

31 

LRU2t 

PWR  SUP  15VD 

1  . 

528.  3.4 

1.0 

1 .5 

1.5  .33 

.  1 

2 

1  5000 

31 

LRU22 

INTLOCK  C"RL 

1  . 

2682.  1.0 

1 .0 

1 .5 

1 .5  .33 

.1 

8 

10000 

31 

LRU23 

PWR  SUP  5v'DC 

1  . 

11156.  12. 

1.0 

1  .5 

1.5  .33 

.1 

2 

15000 

31 

LRU24 

PUR  SUP  23VD 

1  . 

1810.  35. 

1  .0 

1 .5 

1.5  ,33 

.  1 

2 

15000 

51 

LRU25 

HI  V  PUR  SUP 

1  . 

'5600.  40. 

1.0 

1 .5 

1.5  .33 

.  1 

2 

3500 

31 

LRU26 

OVPTRVL  SWTC 

I  . 

3556.  0.5 

1 .0 

1.5 

(.5  .33 

.  I 

0 

10000 

31 

LRU27 

T  BITR  REACT 

1  . 

4000.  1.0 

;  .0 

1 .5 

1.5  .33 

.  1 

0 

15000 
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2 

0  192.  1  .0 

4 
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.36 

.36 

.04 

200. 

3 

0100 

.36 

4ilS'J03 

1  ■,  .o 

1 

0  209.  .01 

6 

2 

.35 

.  35 

.04 

200. 

4 

0000 

.35 

4-lkl;04 

•1.0 

1 

0  775.  .0’ 

6 

2 

.55 

.55 

.04 

200. 

3 

0  1 

.55 

4;lRU05 

1  .4XSR1.53 

CCA.CHRO 

1 

0  0.  .01 

6 

2 

.41 

.41 

,04 

200. 

3 

0 

.41 

41LRU05 

2.33 

1 

0  483.  .05 

6 

2 

.80 

.80 

.04 

200. 

2 

0 

.80 

•^li-RUOA 

\  1 .0 

1 

0  244.  .01 

6 

0 

.65 

.45 

.04 

200. 

4 

0 

.45 

4!LRUO’ 

:  1.0 

1 

0  344.  .01 

4 

». 

.65 

.45 

.06 

200. 

5 

0 

.65 

4URiJ08 

'  1 .0 

1 

0  229.  .01 

4 

2 

.45 

.65 

.04 

200. 

0 

0  1 1 

.65 

4  1  LRU09 

1 . 1 /SRU54 

DLAY.RCT 

1 

0  0.  .10 

6 

.40 

.40 

.06 

2C0 . 

I 

0 

.40 

4;LRU0? 

:.t7SRU57 

:,S.  iRARS 

1 

0  0.  .01 

6 

2 

.40 

.50 

,06 

200. 

1 

0 

.50 

4ILRU09 

3.33SRU40 

TTA.S.SC 

1 

0  0.  ,50 

6 

-55 

t  C 
<  Jij 

.  06 

200, 

1 

0 

.55 

41LR'J09 

4.33 

2 

02451.  .10 

6 

2 

.53 

.53 

.06 

200. 

2 

0 

.53 

4;LRU10 

11.0 

1 

0  351.  .01 

6 

2 

.23 

.23 

.  C'6 

200. 

5 

0 

.23 

4tLRlJM 

1  .71SRU55 

SUT.TRNS 

1 

0  0.  .20 

4 

2 

.80 

.80 

.06 

200, 

3 

0 

.80 

4lLRUi4 

2.25SRU56 

PLS.FNET 

1 

C  0.  .01 

6 

2 

.55 

.55 

.  Oe 

200. 

3 

0 

.55 

4tLRu;4 

3.04 

1 

02972.  .30 

6 

> 

.40 

.40 

.04 

200. 

4 

0 

.40 

41LRvJl5 

1  .MSRUSt 

PLST.TOR 

1 

0  0.  1.0 

6 

2 

.46 

.96 

.04 

200. 

2 

0 

.44 

4ILRUI; 

2.35SR052 

PILT.TOR 

1 

0  0,  1.0 

6 

2 

.44 

.46 

.04 

200. 

3 

0 

.46 

41LRUt5 

3.51 

3 

0  816,  .30 

6 

.44 

.  46 

.04 

200. 

5 

0 

.46 

4»1.RU14 

(1.0 

; 

0  402.  .01 

4 

't  9 
i.  • 

,j81 

.38 

.06 

200. 

8 

0  1 

.38 

41LRU'7 

11.0 

2 

01448,  2.0 

4 
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.63 

.63 

.04 

200. 

3 

0 

.63 

41LPUi 8 

1 1 .0 

1 

0  188.  .50 

6 

0 

.55 

.55 

.06 

200  . 

3 

0 

.55 

4-LRai9 

11.0 

1 

0  174.  .05 

6 

2 

.51 

.51 

,0o 

200. 

3 

0 

.51 

41  lRu20 

; !  .0 

0 

01673,  ,10 

4 

2 

.  63 

.63 

.  0  6 

200. 

4 

0 

.63 

41LRU21 

:  ’ .  0 

1 

0  79.  ,.?5 

4 

2 

.46 

.46 

.06 

200. 

6 

0 

.44 

41LRU22 

11.0 

1 

0  402.  .01 

6 

2 

.50 

.50 

.06 

20v . 

3 

0 

.50 

4iLRL'23 

1 1 .0 

1 

014,73.  .25 

6 

2 

.  46 

.  44 

.04 

200. 

5 

0 

.46 

4!LRU24 

1 1.0 

1 

0  272.  .50 

4 

■> 

.46 

.46 

.06 

200  . 

3 

0 

.4  , 

4aRU25 

1 .33SRU58 

GRD. r.BO 

1 

0  0 .  .01 

4 

2 

.40 

.40 

.04 

200. 

3 

0 

.40 

4tLRU25 

2.62SRU59 

HV.bD.AY 

1 

0  0.  .01 

6 

.40 

.40 

.06 

200. 

C' 

0 

.40 

4tLRiJ25 

3.05 

4 

02340.  .50 

6 

2 

.43 

.43 

.06 

200. 

1 

0 

.43 

4ILRU24 

11.0 

1 

0  533.  .10 

4 

2 

.70 

.70 

.04 

200. 

0 

0 

.70 

41LRU27 

99 

11.0 

1 

0  0.  .01 

6 
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.33 

.33 

.06 

200. 

0 

0 

.33 

■51S4U53 
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209.  .01  1 

0 

7  8  1,5  1 . 

5  . 

33 

.41 

.41 

6 

2  .06 

200 

.41 

5ISRU54 
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0 
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33 

.40 

.40 

6 
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200 

.  1 1 

.40 

5)SRU57 
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0 
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5  . 
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.50 

.50 

6 

2  .06 

200 

.1 

.50 

51SRU60 

1500,  i.O 

0.  .50  1 

0 

510  1.5  1. 

5  . 

33 

.58 

.58 

4 

2  .04 

200 

.58 

5’iSRU55 

956.  .5 

287.  .20  1 

0 

3  ;?  1.5  1 . 

5  . 

33 

.80 

.80 

6 

2  .06 

200 

.80 

5ISRU54 

U28.  .2 

488.  .01  3 

0 

410  1,5 

5  . 

33 

.55 

.55 

6 

2  .06 

200 

.55 

51SRU51 

1030.  5.0 

309.  1,0  1 

0 

3  6  1.5  1. 

J  • 

33 

.46 

.46 
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2  .06 

200 

.46 

513RU52 

475,  40. 

203.  1.0  1 

0 

34  1.5  1 . 

5  . 

33 

.46 

.44 

6 

2  .06 

200 

,46 

■ilSRUSS 

1169.  .5 

350,  .01  1 
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5  0  1.5  1. 

5  . 

33 
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.40 
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200 
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J2 

LRU02 

100120052006500140056006 

,12 

LRU03 

10012002200320055001600260036005 

12 

LRU04 

100120022005500160026005 

i2 

LRU05 

10015001 

32 

LRU06 

1 00 1 2002200320055001 600260036005 

32 

LRU07 

1 0012002200320055001600260036005 

32 

LRU08 

1001200220032004200550016002600360046005 

12 

LRU09 

1 0012002200320055001600260036005 

32 

LRU10 

1001200650016006 

32 

LRU14 

18015001 

32 

LRUtS 

1001200550016005 

32 

LRU14 

1 0012002200320055001600260036005 

32 

LRU17 

10015001 

.12 

LRU18 

10015001 

32 

LRU19 

10015001 

32 

LRU20 

10015001 

32 

LRU21 

10015001 

32 

LRU22 

10012002200420055001600260046005 

32 

LRU23 

10015001 

32 

LRU24 

10015001 

32 

LRU25 

10015001 

52 

SRU53 

10012002200320055001600260036005 

52 

SRU54 

10012002200320055001600260036005 

.52 

SRU57 

100’5001 

52 

SRU60 

1001200220032004200550016002600360046005 

52 

SRU55 

10015001 

52 

SRU56 

10012002200^.^004200550016002600360046005 

52 

SRU5t 

IOOI20042005500160046005 

52 

SRU52 

1001200550016005 

Additional 

input  data  for  the  sample  problem  is  as  follows 

wholesale  change  factors 
1.0  1.0  1.0 

Pareto  change  factors 

2002  1.5  6002  1.5  LRU14  1.5  0.75 


Figure  7c. 
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2.2  LRU/SRU/SE  R- Idtionships 

In  order  to  understand  how  .''.'RLA  works,  it  is  important  that  the  user  understand 
how  LRU;  and  SRUs  reiate  to  SE  and  how  inese  relationships  tire  entered  into  the 
program. 


Table  2 


Table  2  shows  LRU/SRU/SE  relationships  lor  a  sample  problem.  LRU  1  has  no 
SRUs  associated.  LRUs  2  and  3  have  associated  SRUs.  If  intermediate  repaired,  SE-i  is 
used,  if  depot  repaired,  SE-1  is  required  at  depot. 

The  Xs  indicate  which  SEs  are  required  for  repair  of  LRUs  and  SRUs.  Note  that 
the  SE  at  intermediate  and  depot  need  not  be  identical.  Also,  note  that  there  is  one 
repair  involved  if  an  LRU  has  no  SRUs,  namely,  the  repair  of  the  LRU.  If  an  LRU  has 
associated  SRUs,  two  repairs  are  involved  for  each  SRU,  (1)  removing  and  replacing  the 
SRU  from  the  LRU,  called  the  LRU  failure  mode  repair,  and  (2)  repairing  the  SRU.  A 
third  repair,  removing  and  replacing  the  LRU  from  the  line  item,  is  not  considered, 
because  this  repair  is  identical  regardless  of  how  the  LRU  and  SRU  are  repaired.  It  is 
advisable  but  not  necessary  that  the  user  prepare  such  a  table.  Its  exact  preparation  is 
described  in  Section  2.4.1. 

It  is  of  interest  that  the  LRU/SRU/SE  table  is  translated  into  a  network  by  the 
computer,  enaoling  the  system  to  be  solved  as  a  network.  Technical  details  of  network 
construction  and  solution  are  given  in  Appendix  4. 

2.3  Input  Data  File.  The  input  data  file  for  the  NRLA  program  is  composed  of  eight 
types  of  data  records.  The  following  pages  contain  a  description  of  the  values  specified 
with  eacli  type  of  record,  show  an  example  of  data  forms  with  sample  data,  and  show 
the  format  used  to  print  out  the  input  values. 

For  all  data  input  a  decimal  between  the  characters  locates  the  decimal  and 
indicates  floating  point  format.  The  user  by  insertion  of  a  decimal  as  a  character  may, 
where  space  permits  locate  the  decimal  where  he  chooses. 
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Where  no  decirnaJ  point  is  shown  between  characters,  the  fields  are  in  fixed  point 
and  all  numeric  entries  must  be  right  justified  with  no  decimals  permitted  as  an  input 
character. 

Table  1  shows  the  required  and  optional  entries  for  Columns  1  and  2  of  all  eight 
input  records. 

The  first  three  records  (Figure  1)  of  the  data  file  must  be  the  weapon  system  data 
card,  maintenance  system  data  card,  and  the  supply  system  data  card.  The  data 
elements  contained  in  these  records  are  normally  supplied  bv  the  Air  Force  program 
office. 

Input  record  separators  must  be  included  following  input  Records  4,  5,  6,  and  7, 
(Figures  2,  3,  4,  and  5).  A  card  with  99  in  Columns  1  and  2  must  be  entered  to  act  as  a 
separator.  See  Figures  7a,  b,  and  c  for  an  example  of  usage  of  the  "99"  card.  If  SRU 
data  are  not  to  be  entered  in  record  7,  a  "99"  separator  card  must  still  be  entered  to 
represent  the  record  7  data.  In  this-  case  the  record  7  "99s"  card  will  follow  directly 
behind  the  record  6  "99s"  card. 

Record  S  (Figure  6)  is  the  last  data  type  to  be  entered. 

(1)  Weapon  System  Data.  (Figure  1)  Data  values  should  reflect  a  mature  (steady 
state)  peacetime  level  of  operations  for  the  weapon  system. 

1.  End-Item  Name  -  alphanumeric  end  item  name  to  be  printed  on  each 
output  page 

2.  No.  of  Bases  -  the  tctal  number  of  operational  locations  for  the  system 
(each  is  assumed  to  have  intermediate  level  repair  facilities) 

3.  Ratio  OS  -  fraction  of  the  total  number  of  systems  which  are  deployed  to 
overseas  locations 

4.  Yr  .System  Life  -  operational  service  life  of  the  weapon  system  in  years 

5.  Equiv.  Weapon  Systems  Per  Base  -  the  number  of  systems  operating  at 
each  base 

6.  System  Operation  Hours  Per  Month  -  flying  hours  per  month,  operating 
hours  per  month 

7.  SE  Development  Cost  -  the  cost  of  developing  SE  for  the  system,  in 
$1000  units 

8.  Sensitivity  Alternatives  Swept  and  Extremes  Only  -  sensitivity  analysis 
is  available  in  different  combinations: 

'O'  No  sensitivity  performed 

'1'  LRU  Cost  sensitivity  only 

'2'  SRU  Cost  sensitivity  only 

'3'  LRU  MTBF  '.ensitivitv  only 

'4'  All  types  of  sensitivity  (Types  1,  2,  and  3  above) 


SensiTivity  Ranj^e  -  Lower  Kangi  (L)  n  the  lower  ratio  of  zl:c  runge  for 
the  i'erh  being  analyzerl.  Ijpper  Range  (U)  is  the  upper  ratio  of  the  range  for 
the  item  being  analyzeo.  As  an  example,  if  an  LRU  cost  $2000  with  L  =  .5, 
and  U  -  1.5,  the  LRU  cost  would  be  investigated  over  the  $1000-$3000  range. 
Similarly  fo:  MTBF,  for  an  item  with  3000  hour  MTBF  the  range  would  run 
from  1500  fir-4500  hr.  If  no  range  entry  is  made,  no  sensitivity  will  be 
performed  regardless  of  the  entries  under  Sensitivity  Alternatives. 

10.  Sensitivity  Type  -  If  it  is  desired  to  compute  the  solution  for  the 

extremes  of  the  indicated  range  a  "0"  is  entered  in  Column  54.  If 

complete  sensitivity  is  desired  the  "1"  is  entered. 

11.  Optional  Information  -  If  it  .s  desired  to  identify  specific  runs,  Columns 
55-74  may  be  used.  This  alpha-iume'‘ic  entry  will  be  printed  on  the  first 
output  page. 

(2)  Maintenance  System  Dafa  (Figure  1) 

1.  Base  Shop  Man-hours  -  ava.lable  work  tune  per  month  for  an 
intermediate  level  maintenance  man  (man-hours/monthL 

2.  Base  y-abor  Rate  -  hourly  labor  rate  for  interinediate  level  maintenance 
men  {$/hour). 

3.  Depot  Shop  Man-hours  -  available  work  time  per  month  for  a  depot  level 
maintenance  marT  (man-hours/ month). 

4.  Depot  Labor  Rate  -  hourly  labor  rate  for  depot  level  maintenance  men 

5.  Base  Turnover  Rate  -  annual  turnover  rate  for  intermediate  level 
maintenance  personnel;  if  personnel  turnover  every  three  years,  use 
0.333. 

6.  Depot  Turnover  Ra"e  -  annual  turnover  rate  for  depot  level  maintenance 
personnel. 

(3)  Supply  System  Data  (Figure  1) 

1.  Initial  ManaKement  Cost  -  initial  management  cost  to  introduce  a  new 
item  (assembly  or  piece  part)  into  the  Air  Force  inventory  system 
($/item). 

2.  Recurring  Management  Cost  -  recurring  management  cost  to  maintuin  an 
item  (assembly  or  piece  part)  in  the  wholesale  inventory  system 
($/item/yt). 

3.  Base  Supply  Management  Cost  -  annual  cost  to  maintain  an  item  in  the 
base  level  supply  system  ($/item/yr). 

4.  Order  and  Ship  Time  CON'IJS  -  the  elapsed  time  between  the  initiation  of 
a  request  for  a  serviceable  item  from  the  depot  and  the  receipt  of  the 
item  at  a  CONUS  base  (months). 


5.  Order  and  Snip  Time  OS  -  order  ar^d  shipping  time  for  overseas  bases 
(months). 

6.  Packing  Cost  CONUS  -  packaging  cost  for  shipments  to  CONUS  bases 
(including  both  labor  and  materials  cost)  -  ($/pound). 

7.  Packing  Cost  OS  -  packaging  cost  for  shipments  to  overseas  bases 
($/pound). 

8.  Packed  Wt  Ratio  CONUS  -  ratio  of  packaged  item  weight  to  item  weight 
for  CONUS  shipments  (if  an  item  weighs  two  pounds  and  its  packaged 
weight  is  three  pounds  the  ratio  is  1.5). 

9.  Packed  Wt  Ratio  OS-ratio  of  packaged  weight  to  item  weight  for 
overseas  shipments. 

10.  Shipping  Rate  CONUS  -  cost  for  shipping  items  to  CONUS  locations 
(^pound). 

11.  Shipping  Rate  OS-cost  for  shipping  items  to  overseas  Io''dtions  ('s/Pound). 

12.  Tech  Data  Cost  -  cost  per  original  page  of  technical  data  produced  by 
the  contractor  to  support  item  repairs.  This  is  the  cost  of  data 
preparation  and  excludes  repioduction  and  distribution  costs  (s/page). 

(^)  Support  Equipment  Data  Record  (Figure  2)  Immediately  following  the  supply 
system  data  card  are  data  records  describing  support  equipment  resources  used  for  item 
repairs.  A  data  record  must  be  supplied  tor  each  kind  of  SE  to  be  considered  for  depot 
use  and  for  intenr  ediate  level  use. 


In  order  to  accurately  identify  SE  resource  requirements  to  the  NRLA  program  it 
may  be  necessar'.  for  the  user  to  analyze  the  costs  and  capabilities  of  sophisticated 
multipurpose  support  equipment.  The  need  for  such  an  analysis  can  be  explained  witn  an 
example. 

Suppose  that  a  oarticular  SE  has  certain  cao.ibilrties  such  that  it  can  be  used  for 
the  repair  of  rv..o  differen":  LRUs,  LRU  A  anC  LR>'  B.  Further,  suppose  that  by 
developing  additi  nal  sottwa’^e  tor  the  SE  it  can  support  the  repair  of  LRU  C,  and  that 
by  developing  some  additior  ai  hardware,  LRU  D  can  be  added  to  the  workload.  In  this 
case  it  would  be  incorrect  to  consider  the  basic  SE  plus  tbe  additional  software  and/or 
hardware  as  a  s  ngle  un  t.  This  is  true  becai  se  the  first  two  LRUs  should  not  be 
expected  to  help  [ustify  the  added  r-xcense  of  software  and/or  hardware  they  do  not 
require.  Similar Lv,  LRU  C  should  no'  share  'he  cost  ot  hardwarn  required  bv  LRL'  D, 
and  LRU  D  should  not  share  tbe  cost  of  software  requ.red  by  LRU  C. 

Representing  the  basic  SE,  plus  additional  software,  and  additional  hardware  as  a 
single  unit  can  produce  illogical  results.  Speci heal 'v,  the  NRLA  program  could 
recommend  the  pur^haie  of  the  SE  and  recommend  a  discard  dmasion  for  LRU  C  and/or 
LRU  D.  Thus,  it  woild  recommend  a  discard  decision  while  simultaneously 
recommending  ths*  Durch.:,s(>  of  so'tw  tre  and/or  hu.’'dvvare  reouired  only  for  the  discarded 
items. 


To  orope>iy  enter  SE  costi,  SE  tnubl  'e  iden  :i  T.ed  as  coi.’imu:  ,  a''d  -'al.ar, 
additional  hardware,  ■-'r  additional  software,  each  ax  i,uer!ned.,tte  and  .it  depot.  This 
enables  all  four  LRUs  to  share  the  cost  of  th..j  basic  SE,  wh,le  LRU  C  and  P  ta.i  be 
required  to  econo.niicaliy  justify  their  own  u.n^qje  support  equip'Tier.*  requirements. 

At  inter iTiedi, ate  and  oepot,  tor  common  SE  the  program  first  uses  availa'-.U'  tnrx- 
on  existing  SE  before  c  icha-Sing  additional,  if  .■'equired.  For  peculiar  SE  a.na  additional 
hardware,  the  program  purchases  tfie  required  item.s  in  the  .equired  quantities.  For 
aoditionai  software,  the  program  purchases  only  one  set,  li  required.  See  Sec  2.^.5  tor 
additional  comments. 

Each  SE  data  record  contains  the  digit  in  column  one.  The  remaining  data 
Items  are: 

i.  SE  L.er.i  No.  (SEN)-  The  support  equipment  .dentif icalion  number  is  a 
four  digit  integer  value  assigned  by  the  user  to  each  SE  lesource.  It  inust 
be  entered  low  to  high  according  to  tne  first  digit.  The  first  digit 
identifies  a  resource  type: 

'i'  for  common  SE  at  depot,  i.e.,  SE  that  already  exists  a:  the  oepot  for 
dse  oy  items  not  being  analyzed  in  this  repair  level  analysis. 

'2'  for  peculiar  SE  at  depot,  i.e.,  SE  specifically  designed  to  support  the 
repair  of  items  being  analyzed. 

'3'  for  supple.mentary  hardware  (e.g.,  special  adaptors,  interccnnerting 
cables,  etc.)  at  depot  which  augments  other  SE  (common  or  peculiar) 
to  provide  adaitionai  repair  capability. 

'4'  for  Supplementary  SE  software  at  depot,  i.e.,  software  which 
increases  the  repair  capability  of  automatic  test  equipment 
(common  or  peculiar). 

'5'  for  common  SE  at  intermediate  level. 

'h'  for  peculiar  SE  at  intermediate  level. 

V  for  supDlementary  hardware  at  intermediate  level. 

'H'  .or  supplementary  SE  software  a:  intermediate  level. 

The  remaining  three  digits  are  arbitrarilv  assigned  but  must  be  unique  within  eac  h 
resource  type. 


2.  SE  Name  -  alphanumeric  name  for  the  resource,  e.g.,  oscil loscope,  LRU 
tester,  etc.  Embedded  blanks  permitted. 

3.  SE  Cos:  -  cost  per  unit  for  the  support  equipment;  production  costs 
($/unit). 

SE  Operating  Cost  -  annual  cost  to  operate  and  maintain  a  unit  of  the 
resource  {$/year). 

5.  No.  of  SE  -  number  of  existing  units  of  the  SE  per  location  (applicable  for 
common  SE  only). 


1  F 


6.  Curreiit  -  average  in-use  time  for  each  of  the  existing  SE  units 

(applicable  for  cominor  SE  oniy)  (hours/month). 

7.  Available  Time  -  expected  tirr.e  fbo'h  exis'ccig  arc  petentiaP  tha’  a  unit 
of  the  SE  will  be  available  for  item  repays  (not  applicable  for  SE 
software)  (hours/mont^. 

8.  Facilities  Cost  -  total  cost  of  new  facilities  an<-!/or  environmental  con¬ 
trol  <  required  tor  f,e  SE  (Hollars). 

(5)  Line  Replaceable  Unit  (LPJh  Data  Recoid  (Figure  3).  The  LRL'  date,  reced 
contains  descriptive  dato  fot  the  fi'st-mderu'jre-levei  components  o!  the  end-item. 
Each  data  record  ''  is  'j1'  ci  the  first  two  '  oiutrns.  The  re.-nainiug  data  elements  .are: 

1.  LRL  Ident  -  user  assigne.f  alphanumeric  LRL  identifier,  e.g.,  LRL'  worW 
unit  code  or  part  number.  Embedd-'d  blanks  permitted. 

2.  LRL  Name  -  any  alphanumeric  LRL'  descriptor  (used  only  for  prunt  out). 
Embedded  blanks  peririitted. 

8.  Number  of  LRUs  Per  End-Item  -  The  nurnbe'"  of  LRl's  per  aircraft  or 
other  end-item. 

4.  Unit  Cost  -  unit  cost  of  LRL  ($/unit).  Note:  If  tlie  LRL  is  a  rebuilt  one 
using  components  of  an  existing  LRL,  the  rebuilding  costs  should  not  be 
used  in  lieu  of  a  purchase  ''ost.  Rathet  the  estimated  economic  val'ie  to 
the  government  if  purchased  should  be  used.  This  assu’-es  that  pipelines 
will  be  properly  evaluated.  This  situation  imnlies  that  tie  rebuilt  item 
will  'lave  a  new  national  stock  number.  If  the  rebuilt  item  wu'  'maintain 
its  old  stock  number,  tie  existing  level  of  repair  should  be  useu  except  if 
the  use  under  consider  ition  is  t'nc  oily  use  of  the  i  '.em.  If  the  sole  use, 
then  RLA  should  be  oerformed  in  tie  normal  fashion  and  tim  S\fR  code 
of  t  ’e  iterr,  changed,  if  necessary  to  conform  to  the  new  situation. 

5.  Weight  -  of  the  LRli  (pounds). 

6.  Operating  Ratio  -  ra'^io  of  LRL  operating  heirs  end-item  operating 
hou's. 

7.  Depot  Repair  Cycle  Time  CONE'S  -  the  elapsed  time  from  removal  of  a 
failed  LRU  at  a  C,ON’,'S  base  until  the  item  could  beccne  a  serviceable 
spa"?  in  depot  stoc's,  it  includes  the  time  required  for  base  to  depot 
transportation  and  the  repot  shop  fio'-v  tune  required  for  ’•opa,'"  (months). 

8.  Oetiot  Repair  Cycle  Time  Overseas  -  the  elapsed  time,  from  rem  eva!  of  a 
tailed  LR  '  at  an  over^e.:.s  base  until  the  item  r'ou'd  become  a  se'  viceable 
spare  in  deiiot  stock  (months'. 

9.  Oase  Repair  Cycle  Time  -  the  c'apscd  time  from  removal  of  a  faded  LRL 
at  .1  base  urC'l  it  ecu'd  becouie  a  serviceable  spare  in  base  stock 
(moiths). 

10.  Repair-in-P'ace  -  fraction  of  LRL'  failures  which  can  be  rep.emd  at  the 
organu' ii  lonai  '-•vel  S'O-eourriment  m.iintenance). 


11.  N.'o.  Kir'.cls  01  Read  -  'hf  t  'lumDer  cl  kiiulj  of  ^ci'.r-ra  p  jrp^iii- 

TcT^rTiTTesourc'e-  ( iopo*  .^no  b-,  ■?;  ioSOCi^Ted  '.vi  h  PRI  rto.ur;  0’'c 
type  of  Sr.  would  be  rfcqo:recl  t  depoi  repccr'^  b'.  :  t'‘'0  type'  requi'ccl  for 
intef'viedi^ti,  level  repo. rs  this  vo.oc  should  je  i.  GPSfr,  is  .SC  ;sec  oi; 
every  faiiore  mode  o:  LRl  in  cuestion.  A  particular  Sti  sboui  not  oe 

listed  as  both  GRSE  and  SPSE  tor  a  given  LRU.  Refer  to  S'-  t.c.n 

Trtis  entry  .Tost  'nateri  toe  number  of  SI;  -esource  numbe-j  ent'^^ed  on  ,i 
correspond. n.g  record  8  ‘  32’  .n  first  two  columns). 

12.  MTRc  -  .neat!  ti.’ne  ot':.vei-T.  tadarej  .O'*  tte  .te.rn  in  its  operutionui 
erv.ron'Tient.  This  is  toe  rteratea  .MTAF  '.operating  hours) 

(6)  LRU  Failure  hfode  R^^ta  Reror  t  .I'.p  re_  Icdi  n.tual  ia  a  recor  ds  are  isec 
to  provide  beta  tor  eacn  fatiure  .c'. odo  of  !-iv'  .  ii  .tn  ..R'  ti_i'  bRUs,  tnere  phonic 

be  one  record  for  eaci.  SR’'  of  tic  LRU  to  provia-o  intor.nanon  uoout  tr.e  LRU  repa.,- 
tasks  which  involve  removing  and  rep  ac;  vi  a  failed  SRL.  /-.c  ji*ior.aliv.  one  ar  ir  ore 
records  may  be  requ.ied  to  provide  informutioi:  aoout  LRU  rcpdcs  which  oo  n  it  .'ivo.’ve 
removing  and  replacing  a.n  SRU.  If  the  LRU  he.-i  no  SRU's,  there  must  be  at  .east  ur'o 
LRU  failure  mode  data  record  correspondmg  to  t!ie  repair  of  die  LRl...  Car'’;  dutu 
record  has  '4i'  as  its  tirst  two  cita'acters.  .\.i  fa'Iure  .nodes  of  a  partic.jlar  LiU,:  must 
be  grouped  together,  ^ht  remaining  data  elements  are: 

1.  L.R'a  Idect  -  user  assitncC  aipitanumeric  LRU  identifier,  t'le  value  rn  ~ 
match,  the  corresponding  entry  on  a  type  '3i'  data  record,  includ.ng 
embedded  blanks  if  any. 

2.  Failure  Mode  Ident  No.  -  a  user  assigned  2  digit  integer  value  used  to 
distinguish  the  different  failure  modes  for  an  LRU. 

5.  Failure  Mode  Ratio  -  the  cKpected  trequenry  of  this  type  of  failure  a.i  a 
traction  of  all  failures  for  the  LRU. 

4.  .SRL'  Ident  -  user  assi.gned  alpha  numeric  identifier  for  the  SRU 

associated  whth  this  fa. lure  mode  (.f  any).  Tins  identifier  may  include 
entbedded  blanks. 

/.  SRi. '  S'r-.r'ie  -  any  alp  lanumeric  SRI:  descriptor  (used  only  for  print  out). 

6.  No.  S'ew  Parts  -  the  number  ot  new  piece-parts  andA'-r  assemblies 
required  for  the  repair  (new  items  are  those  not  already  in  the  .Air  Force 
inventory  svstem.)  If  applicable,  this  number  should  include  the  Sf^U. 

7.  No.  Std.  Part.s  -  number  of  standard  (already  stock  numbered  m  AF 
inve.niory)  item.s  which  will  have  to  be  entered  into  the  base  inventory 
system  R  the  LRU  is  base  repaired.  It  applicable,  this  number  should 
include  the  SRU. 

8.  Repair  P.aris  Gost  -  total  cost  of  all  non-reparable  assemblies  and'or 
piece-parts  r-*oiiired  for  repair  of  this  fialure  mode,  this  cost  .foes  not 
include  the  cost  of  the  SRU  associated  with  the  failure  mode  (Dollars). 

9.  Weight  of  Piece-Parts  -  total  weight  of  all  non-reparable  assemblies 
and/ or  piece-parts  required  for  repair  of  this  failure  mode  (pounds). 

10.  No.  Persons  Trained  at  Depot  -  minimum  number  of  depot  maintenance 
personnel  to  be  trained  for  the  repair  task,  this  failure  mode  only.  (This 
entry  is  optional.) 
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(7)  Shop  Renlaceablo  Unit  (SRP’)  'h.  ta  Record _ (Figure  ??.  This  used  t.r 

specify  the  data  lernei'ts  require,  fo.'  c'O'npj-i;  g  '■R''  ren^rpcl  rep.n'  V’V".  O'v  is  o  ' 
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iO.  :>joi  i^epa..  Cvc:e  T;nic  CONlS  -  the  fr.vn  rt*  novai  of  ^  ’.d.ie.; 

SRL  irofTi  the  LRl'  at  titc  base  anti!  is  aid  .'(..-aov  to  be 

shipped  (.Tiontns). 

.  ibepot  Repair  Cvele  Tirn-  Ob  -  t  'le  ■Japseo  '.i.-ne  iroT;  reTiovai  of  a  fahoo 
SRL  I'ro'-i  the  L.Rl,;'  at  a  CONijb  nase,  untif  it  is  '■epanec  and  ready  to  oe 
shipped  (monins). 

12.  Ba  )■.'  Rep,i  •'  ffvcle  T  .i.e  -  the  tiire  tro  r.  bRi  rc.Tiova!  from  the  LRl.'  at 
base  until  is  repair  :d  at  oase  and  readv  to  use  (montrts). 

13.  nepot  Mai  ter.anco  \la  ~i-Hours./Repair  -  the  time  requited  far  repad  at 
oeput  (nours). 

14.  F^as-^  Ma.nteitoin.'tc  Mari-Hours/ReDAir  -  the  time  required  for  repair  at 
oase  (heursT 


15.  Depot  Trainees  -  No.  pers«-n.>  to  be  trained  at  depot,  this  SRL).  (This 
entry  is  optional.) 

16.  Rase  Trainees  -  .No.  persons  to  be  trained  at  Oase,  this  SRlf.  (This  entry 
is  optional.) 

17.  Maintenance  Trainiit)^  Wee^^  -  time  it  take.s  to  train  a  repairman  (weeks). 

18.  .Mainten..rtcc  Tramm^  Cast  -  tf.e  cost  of  instruction  and  materials  to 
train  a  repairman  ($/person7'w'eei<). 

19.  Force  j  SRU  Decisions  -  See  discussion  of  Forced  LRU  Decisions  (Input 
Record  6).  Columns  (74),  (7b),  and  (76)  will  be  used  for  Depot,  Scrap,  and 
Base  respectively. 

20.  Sr.  Hours  per  Repair  -  the  number  of  houts  the  SE  is  needed  to  repair  this 
SITl (houfs/repair) 


itps 


1 


( 8 )  LRLI/SR '.  '/Sll  CrojS  Rcfererre  T able  (Fi;-,  iro  .  T ‘ 
various  LRUs,  LRL  failure  nodes,  aue  MU's  w’tb  i;v  n  nu  rs'd  '■'ii. 


!•  Rprord  Type  Ideriti fitrr  -  Col.  1,  eutor  'V  if  LR' r'  l.jTicn;  dips  are 
beir  ^  entered,  'i'  if  LRU'  failure  ■eode/RL  relatnonsbius,  and  "V  ;f  .''R' '/Si.:, 
rela  aonships.  'Co!.  2  niust  have  a  '2'  '-.’’rv.  i 


2.  LRU  or  SRU  ideirt:  fier  -  Teese  contam  ‘he  LRI'  te  SRL'  Ident.fier  and 
must  match,  incluGin;’  einbedned  b!  inPs  f  anv,  lor-  iU/a  -iijin,.-- k; 
iderdifiers  used  on  carus  ‘>,  (>,  7. 


3. 


Failure  Mode  ■  I'  colenrins  1  and  2  ront.;-.!"'  '^2'  enter  the  apitropr late 
fail  .Te  'Tiode  from  care'  h.  Othc-wise  iea'.'e  blank. 


4.  SE  Resource  Number-,  -  The  next  If-,  fio'ds  e.ontain  '^our  dig;*  ‘'E  dentifi- 
■'at  on  'V.i'ubers  'vi.i-jrh.ng  those  cnlerc-'  or.  dv-  SE  •'‘ata  ’■er  nrd'-.  "^hese 
relr.'e  LRUs.  SRIfs,  .vx'.  LR,  fail  ire  modes  to  t'-e  supoort  ecuipn-.erit 
req.'ired  to  rv'Da:-  then,  at  Intern  eciate  .and  D'mot.  Ti-.ev  ntav  be 
e;iti  red  in  am  orde*. 


2.4  Additional  H  itd  Entry  Exolanadotis 

2.'^.1  Entnrin,g  LRl  /SRL'/SE  Relat 'onships:  f'ertom  data  Uoni  mput  r-'cords  'u 
3,  6,  b,  and  S  mas.  be  roordin.itnd  in  o'der  for  t'".o  urogram  to  ..'perate  proper. v.  Input 
record  4  lists  tiie  SE  available  for  use.  Rece-c's  ''x  and  7  list  LRUs,  LRU  failure 
modes,  and  SRI,'  d.  fa,  respe-.  tivelv .  Incladeo  or->  t''r-<r  records  is  ,i  '-oont  jf  the  SE  types 
repuired  for  tne  re)air. 

Re'  trd  .S  expresses  the  reiation'-biRS  bertveen  LRUs,  SRf’s,  an-i  SE.  If 
Record  8  shows  tit  .t  a  pa^ticula"  LRI.'  or  SR'J  reqtii'e",  a  p.irtir  jlar  tvpe  o‘  SE,  -'nen  that 
SE  should  have  be-  n  li'-tec  on  Recort  u,  if  an  URf  or  SRU  's  Ss'.ed  on  Record  details 
concerning  it  d  have  hee"i  listed  nn  Reco"-ds  3,  h,  or  7. 

Before  the  m-er  hegm;  data  preo.ir-Ui  m.  ‘ins  tiO'i  should  ’X‘  -.arefully 
re.ad  and  understood.  Er.'(’r-''g  LR'.i/'RU/SE  -ei -in.e;->sn.;t.s  ha.s  er.  tne  in  C'-v  'ause  of 

user  problems.  I  uffi.‘rent..ition  of  .bi'’.'.E  .u-r,'  s' Wl  -s.^e-  i  o  e  •  n-ul,',-  source  of 

mis'i'-derstaadiig. 

Exc.  nining  Tcb'e  3,  in  Ctis.-  1.,.  ,  o  I.  R'  na .  ‘.,i  lure  i’''ode  and  rv 

related  SRUs.  On"  '31'  card  is  entered  'i'.e'.v;'''g  •  '  uiR  ■h.  'Ul  .  >•  ''L  ..s  ■■e!at<  d  to  the 

failure  mode;  therefore,  the  "*1'  card  she'.,s  .i'"  ''f-.  rpe  .»e  -  of  SRSi.i  e•',Ter.td  in  the 

'4  1'  Card  is  simply  he  sam  of  the  ou.-i.inr  of  Xs  'r>  on  ■  'a,  ■-  ■ 

Case  lb  shows  an  alternaf.*  ■;  eaas  ot  e-e.-r a  .r’  e  ..i.'.ta.  Here  *lie 
SE  is  related  to  the  LR',.'  i.Ui^er  tha.i  •J''*  LRi'  ' -oi  in-  ■  '  v  asi.'.  t'le  'C  card 

has  -i  2  ence’ed  as  GRSE  a'af  the  '41'  card  e  enev.  \  -  t,  s  o'  '  le  nu  n  'or  Xs 
determines  the  e-erv.  T-u'  re, iron  th.:i'  ic-'s  'mi.l  i  i  e  ide  -ti.'.-il  ii'fsir''  ation  is, 
t'nat  the  definition  cl  CiR''E  is  to  ^  it  s  us'-d  •  .'a-  '•  .i  ■,  .  v  •  lu'!'  •n..^  'e.  H.-re  there 
is  only  one  failure  moefe;  '  l,e.-eli>;-e,  c.ises  ..  ...nd  i  :s  ar,  ..'  .■■  n  ■  -oeans  e''t  '*ing  the 
same  dat.a. 


Sirr:  larlv.  rases  ’’.t  .i,  c'  are  a!to""ara  ("e  ins  ef  entar.ng  thr'  Vi-m-  data. 
In  case  2a,  .SE-2  is  re! ’red  h'  -d  v.riu.d  ‘  o' t  dn'reh.’rn,  e  .s  'sPsL.  In  ''ase 

2b,  since  the  SE  ;s  asec  m  r'.u  h  .n  '  i>verv  *  .  '  ,  •  I’ved*  .  t'”-  '-f  I'e^  o  *,’•  m.av  be 
entered  as  GPSE. 


Cases  3a  and  3b  again  show  :il*erna:'*  1--  •/  .  ■  •'< 

Notice  by  calling  SE-2  at  intermedia :e,  CPST,  ^nc  -■  c  -■  ' 

cards,  two  ’42'  cards  rnay  be  omitted.  Where  t  '-Tc  w  ■  .d''  >•  '  '' '  . 

an  LRU,  there  is  no  reduction  in  '42'  ca’-ds  ertr^e-''.  i  •  )<>-■  ,  • 

number  of  entries  cn  the  '42'  card. 


Case  4  shows  an  LR!'  a ’t'l  ;o-'r  f  i. j'  --.  a/ d  "■•'r-.  UU  .  ’'c. 

entries  should  be  n  ade  it'  '''2',  ’a",  i"/.:'  ■'.2  ■  •  'v  ■:  ,  a  s'’' 

entries  should  the’  be  mace  nrl- v  n:  >•  !  '  •_  ‘  ■  •  •■■  ■ 

F.ven  :1  an  SE  has  'amp,  :  ,i..  ■:  -’S!  .  '  ■■■■  ,  ■  ,  ■  '■  ,  .  .  , 

must  be  made. 


Perh  aps  the  simn'es*  .pD’'oar''t  lor  a  'le.,  use’’  ■  ’  s  ■■  ta  '.':  su' ” 

as  the  one  displayed,  anc  entet  Xs  ■whe''e  :h”  ',.Ri '  t  '•■o'h''-  :■  id  'sR';.  is.,  '1 

there  appears  to  be  sig-ii'tta'i:  .,-1  .:)n  .p  data  •s\  .e”  'r,  :'-f  Sf  esed  ,n 

each  and  every  fai.  jre  mode  for  an  LIU'  ••,>  lU'bL,  ''".s  e.in  ■,  or  eore  .  n,  ;nepa’-ipg 

such  a  table,  the  nser  has  an  oppo-tanitv  t.  ’hmi-  t.e.  ■’'■Ij*  o"  >"  ps.  Mt”  d:'.’ 

data  has  been  run  on  the  compute’’,  rht  ■;  er  '  in  -  h  S;s  m  i  i  ;1  p">-aar  -  w.  >.e 
against  the  conip  ite’’  printed  tahie,  a'  ihown  at  [■  ly:"  c  '1  '1  ’'te  \RL  .  ^uidr. 
Figure  7C  is  sample  data  "caay  for  compute’’  ;npij’. 

2.4.2  One  Type  of  SRfl  in  Several  LRIds:  Wmn  ri  ,  ’.it  atiir  '>  curs,  the  user 

should  enter  the  SisU  data  into  ea''h  ''  t'-'c  '..R'.'s  as  'i  the  'sRh's  die  no'  ex.st  in  the 
other  LRUs  and  run  the  pros’'' e.:’i.  '^'■i'  ’.vi':  e'liaii  i..n.'r;e  tae’c:'  '  a'.o”  o-  the  SR','  udu 
respect  to  each  LF-U  in  whic'i  it  occu's.  If  *'-n  St  l  s  it  issu-*  ah  are  sele’.tec  for  the 
same  level  of  repair,  the  issue  is  '■esc'vea,  ■:  pn  ,,o  fur-  .e,-  ,  ej*u,-,r;s  need  Le  "lade. 

This  is  very  likely  to  occu’’  Muce  .de’ci'.a:  ‘•I’l  .s  ..sed  bv  d  ;;  SR'.j,  On-.-.e  U'e  sE  :s 

justified  for  depot  or  i.’ster'nediate,  a''  t'u  Sl-'i  s  'js:”ig  *,:il  '’i  ive  a  t'’’ndeni  y  to  be 

assigned  to  the  sarr.e  locatior .  Only  'f  *he  SE  is  yistifi-’d  lo"  notn  .oca'ions  is  a  s’pli:  ap* 
to  occur.  In  this  case,  the  SP.U  from  one  LRI.'  'night  :i.u'e  a  d.tfetc'r.  rep.,;’  level 
selected  than  the  S'LU  from  another  LRE'. 

If  this  happens,  t^^e  u<-e’’s  should  'jse  t'ne  forcirg  procedure,  forcing  all  the 
SRUs  into  intermediate,  then  cepot,  then  scrao  :n  three  S!."ja''ote  omputo’’  ’-.jp’.  Total 
costs  can  then  be  exa.'nined  to  oeref’inir.e  the  p-re;e-red  rei.'^c  Uee;. 

2.4.3  M'jhiple  SRUs  of  One  Kmd  in  an  LRl,': 

Mui'lple  SRU's  in  an  LRU'  'nav  b’-  haim'ied  a:-  dpsi  ibed  below.  Table  4 
shows  two  situatio’is,  (a)  the  usual  situation,  and  fb)  multiple  Sp:  .s  in  an  LKU.  Suppose 
that  in  situation  Table  4  (a)  SRU'-i  and  SRf,'-2  ere  icent'cai  eac  .i  causing  2.5%  ef  LRU- 
I's  failures.  This  situatioi’i  of  multip'c  hPiJs  -’i  a”  LR'J  r'an  'je  modcied  bv  .N.RU.U  as  m 
situation  Table  4  (b).  Note  the  da‘.-.  ''R'’-i  ■mt-  rec.  once  lo’in  'C,  r'.ird  an'  o’  e  5’ 

card)  but  't  now  has  a  failure  mode  r  :.o  double  ii'i  ere-vmi,:.  value.  No  ■rthe’’  changes 
need  be  made.  The  modified  fai!'.'"e  t  loc'c  rpt'os  a  ■■  nnb.m' d  on  oata  ’’eco’-d  F,  •  le  LRl.' 
failure  mode  card  (41  card).  Note  that  'he  cest  of  he  SR’’  should  not  be  c'uangcd  since 
pipeline  costs  relate  to  the  .:os:  of  a.n  individual  SRU',  net  the  mu'tm'o  SR'Js  in  the 
LRU. 

2.4.4  Nurr.ber  of  Pe’sons  Tr.a  ned:  Those  entries  on  the  LRU  failure  mode  and 

SRU  records  (cards  /  and  SI,  for  b'.’t''  depot  .v.d  l-’itermediate,  are  option.’,!.  The 
program  calculates  the  5E  val.jcs  and  rounns  ’’hem  up.  R  titere  is  no  user  er  try,  the 
program  computec  values  -are  used.  If  the  user  enters  e:  e  or  n-iore  -values,  ihe  user 
entered  values  are  cornpareit  ’o  the  .tenputed  values,  and  the  i'ighi'r  t'”ie  two  t.  used 
in  calculation  of  maintenance  training  costs.  See  cq^at  ems  and  76  o'  3. 


2. if.')  P-'.  iferf.)ti,ti.  IK  ."-.rr  ^  r SH  T'>  S’::  :n.iy  De  as  d-'pc; 

2....  3...  O'"  4...  Of  r .or^^ediate  (,  <a  'i....  If  SE  is  er.itred  ..s  typi-  i  or  ‘j, 

existing  SE  is  usej  uf  any  available  i:  ne,  bef  ;,'e  additional  SE  .s  nurcr.asec.  Typos  2 
a'ld  3,  and  6  ar.a  ,  are  dertiiiallv  rrc-ate.i.  if  any  hours  c;  those  types  A  SL  ar  ■  used, 
the  SE  rnusi  Co  purrhasec.  Tnt  ^-og.aii  treats  types  2  and  3  idertir  allv.  Tne 
distinction  Detweeu  them  was  originally  .  itenoed  to  help  tne  user  cLirit;,  his  thoughts. 
When  priorities  pe.  mit,  tnoae  two  catt  gories  wiii  be  oomoiiied  into  one.  Tne  same 
coinnient  applies  t)  typ.rs  f  and  7.  If  necessary,  more  than  one  SE  of  types  I,  2,  3,  5.  6, 
or  7  will  be  purchased. 

Tvoes  4  ano  S  art'  .mended  to  represent  .issociaiec  SE  software  or 
develop, Tie  It  rosit.  Since  only  one  set  of  .  t’ware  or  de.eloprr.e:.:  .s  p  irrhased.  the 
program  wnl  nmtam  that  eitner  none  or  oi.e  se.  ,,  t-o  be  ,).;-(  Ivism  . 


Table  4 

Two  Possible  Ni’.LA  Situations 


No.  SRUs ''LRl  i  i  No.  41/“);  Cfards 


Kat  ! Usual  Situation 


1 - 

I  L  R  U  - 1 

- \ 

!  SRL 

i  -  1 

1 

-2 

1 

-4 

1 

lotals 

|ib)  Multiple  SRtis  n  an  LRU 


LRU'-! 

SRU- 


2.5  Data  P'eparaiion  Summary-  When  preparing  data,  especiallv  tne  first  time,  the 
user  sftculd  consider  that  Table  5  is  the  heart  of  underst.indi.ng  data  preparation.  Data 
Records  1,  2  and  3  represent  system  wide  date  and  usuallv  present  few  problems  to  the 
new  ustir.  Data  Records  4,  5,  6,  7  and  8  are  de'ived  from  Table  3. 

2.5.1  Data  Ret'ord  5  -  For  every  LRU  listed  vertically  at  the  side  of  the  table,  a 

description  of  the  LRU  must  be  entered.  This  is  done  on  Data  Record  5  (tne  '31'  card). 

4.3.2  Data  Record  6  -  desc'iption  of  each  failure  mode  listed  in  the  table 

must  be  entered.  This  is  done  on  Data  Record  F  (the  '4  1'  card). 

2.5.3  Data  Record  7  -  A  description  of  each  SRIJ  item  listed  on  the  table  must 
be  entered.  This  is  done  on  Data  Record  7  (the  '51'  card). 


2.5.4  Data  Record  4  -  A  descript'on  of  all  the  SE  used  in  tfie  problem  must  be 
entered.  The  SE  a-'e  listed  across  the  top  of  tlie  table  for  both  depot  and  intermediate 
SE.  The  SE  descri;  tions  are  entered  on  Dat.i  Record  4. 

2.5.5  Having  entered  descriptions  of  the  respective  SE.  LRL's,  LRL  failure 

modes,  and  SRlJs  on  the  respective  Data  Records  V,  5,  f>,  and  2.  ;r  necessary  to  enter 
the  LRLI/LRU  failure  modes/SRL'/SE  ■'elaticnships.  These  are  represented  by  the  Xs  in 
the  table.  The  X'-  are  translated  by  fic  compitter  into  a  iu'two'''<,  which  'S 

solved  to  deterini'ie  the  optimum  solution.  Tnese  Xs  w''  enieretl  in-.n  the  <  .nnuute'' 
program  using  Data  Record  S  (the  21',  42,  or  52  card).  In  essence,  e  icn  enr>  .  in  tc-. 
groups  of  columns  beginning  H,  :7,  2i.  .  .  .  '•epresents  an  'X'. 

If  the  user  indicates  SE  at  one  location  but  (ails  to  'naicate  the  ‘■E  at  the 
other  location,  the  algorithm  will  probably  select  the  level  of  '"pair  w.tnout  ’h:’  SE, 
since  it  will  likeiy  be  a  less  expensive  solution  dtan  a  stiut  '■■e.  with  tne  ‘'E.  H 
intermediate  and  depot  are  feasible  solutions,  jrci>0'  SE  mi,'Sr  be  eo'ered  boti> 
locations,  if  the  user  wishes  to  exclao'e  a  repai'"  level,  the  oropr-r  ex.-j.js  ’ev"  s  should 
be  entered  on  LRL'  failure  mode  or  SRIJ  ards. 

2.6  Types  of  Sensitivity  Analysis 

Sensitivity  Analysis  (SA)  is  performed  in  order  to  investigate  .dfects  due  to 
(1)  incorrectly  est  maxed  data,  (2)  process  rhanyos,  and  'Ai'  to  oeter''ti''!e  .ireas  of 
investigdiior'i  which  mav  be  most  usc^'jI,  or  ('»)  to  an-w-fr  "  witat  C'  quest io'ts.  The  user 
may  then  use  thi?  sc-nsitivity  infor't'Stion  as  a  rationale  Ic!'  i  cnrovcig  estimates, 
selecting  projects  for  further  developmental  work,  or  do'nc  not  'ing.  as  t^e  oai  ticular 
situation  warrants. 

Four  types  c(  SA  will  be  discussed.  These  are  Swept,  Extremes  Only.  Wholesale, 
and  Pareto.  Sweat  and  Extremes  Only  sensit.vity  rnav  pmsen’  difficulties  in  large 
problems.  Cornpu'er  run  tim.e  or  output  may  be  excessive,  cither  making  the  program 
expensive  to  run  O:  the  output  difficji*  to  interprt  t  because  o!  its  vc!un',e.  C-)mpu''er 
run  time  is  a  fune-ion  of  the  number  af  times  the  eptworlt  m  ist  be  s,)lve:  .  Difficulties 
of  intei pretation  are  related  to  the  'lUinbe's  of  '.olution*.  w'ti  'h  nms'  be  .nterp’'eted. 
Neither  is  directl\  related  t.)  the  omo.int  v‘  prin''oc'  outpuu  A  ho'evile  C'-.anges  (W  C) 
and  Pareto  analys.s  are  intended  to  sherte  i  *iie  SA  prnies-.  in  reri  o  ■'  hcfi  computer 
time  and  output. 

2.6.1  Sens  livity  .Assumptions.  The  LR)_'  unit  cost  sensitivitv  analvs's  makes  t'ie 
assumption  that  as  the  LRU  Cv>st  increases  or  decreases  there  are  corresponcing  cost 
changes  for  the  LF.U  repair  piece  parts  and  for  the  SRL.s  Withm  the  LRUs  T'lus,  if  the 
LRU  doubles  in  co-.t  then  the  co.st  of  pi^ce  parts  required  for  repair  doubles  and  the  cost 
of  each  5RU  (if  anv)  also  doubles. 

A  dilferent  assumption  is  made  foi  the  SR'.'  cos;  sciisit  v  tv.  Kore  it  is 
a.ssumed  that  a  ch..nge  in  LRU  cos^.  or^  ur.s  solelv  beca  ise  of  <.i  chang'-  .n  tne  cost  of  one 
SRU.  Consequeni'y,  the  SRU  .cost  do  ibi-'s  *'.e  LR''  rc-.i  i-v-.-  Sv  •  ,e  do'lar 
amount  of  the  SRU  cost  r  h.tnge. 

The  .  ssurnpti'on  for  rn  L'^'d  '.iTh.P  seris.!"...N  is  tii.i;  me  totai  n  'inber  of 
LRU  failures  cheiriges,  but  the  pro;-  '  non  of  f.:ih  .^es  o'  e,.ie'i  tvpe  remains  onstant. 
That  is,  the  relat.-'O  f'eoeenev  e'  the  dUferent  1  lil'.'re  'noces  rrmams  unchanged.  The 
case  where  t'le  L  ’vlTOT  in,  int.e.  he  ci.c.r  e  o*  As  SR' A  f.ids  morr'  'or  less) 
frequently  is  not  '  uattd.  Also  ’lOt  r  e.-itr-i;  s  the  < -js  >  where  ''  ''  kui  f.nu  .’•e  r.ito  does 
not  change  but  the  rel.tf.ve  ,•  -■  n-jer.cies  '  i-  fnr  f.idur  '  n  .  -  -'oTri.-f  . 


2.6.2  Sensiiiv.iy  T'.'.e  i!o>i_r  seie...-,  u-f"  r.inges  at  wi^ich  the  s<*nsitiViiy  .s 

to  be  periormed.  As  a>'  example,  ne  might  ehoose  LRC.  M'l  faF  at  and  ^00%  ot  the 
baseline  case. 

2.6.3  Swept  Sensitivity 

■Swept  sensit.v.ty  is  so  called  occause  once  the  range  ol  investigat.ori  is 
selected,  the  program  sweeps  through  the  range,  one  LRU  or  SRU  at  a  time.  As  an 
example,  if  SU'br  for  an  item,  is  .tstimatec  to  be  500  hours,  and  the  rarige  being 
investigate^^  50sp  to  200%,  each,  c’tange  .;i  repair  level  is  noted  as  MTBF  charges  fro'n 
250  hours  to  .000  hours.  If  no  cnai.ges  ir,  repair  leveis  are  noted  in  the  vicmity  of  the 
500  hour  MTBF  baseline,  tne  situation  is  consi.  ercd  to  be  insensitive. 

When  tne  entire  range  is  investigated  a  sear-tli  is  performed  for  ^  points 
at  whicn  SE  and/c'  LRU  and  SRU  decision  changes  occur  The  searc'n  for  a  decision 
change  point  ter.ninates  w.he.t  the  program  has  determined  a  relatively  small  range  sucli 
that  some  change  occurs  within  the  interval.  The  interval  width  has  oeen  .srit  trarilv  set 
to  oe  i%  of  the  input  LRU  cost  for  the  LRU  and  SRU  cost  sensitivities;  and  .o  be  1%  of 
the  input  MTBF  for  the  MTBF  sensitivity.  Spei  itir  as-.umptions  are  incorp^ti  uted  into 
the  analyses. 


If  '•epair  leveis  change  when  sinall  changes  In  MTI3F  take  place,  th.e  .rodel 
is  considered  to  be  sensitive.  Pre<  ise  detinition  of  the  boundary  uetween  a  sensitive  and 
insensitive  node!  must  depend  upon  the  user's  system  and  needs.  IRLA  uses  swep‘ 
sensitivity.  Since  IRLA  considers  one  LRU  or  SRU  at  a  t,.ne,  changes  n  repair  levels  ot 
one  tern  do  not  ordinarily  affect  other  items.  However,  sm.ce  NRL.^  considers  tne 
whole  sv'stem  at  one  time,  repair  level  changes  occurring  curing  S,^  can  successively 
affect  otli  =  r  items  throughout  the  system,  possioly  making  the  SA  extremely  complex. 

Therefore,  swept  sensitivity  may  be  used  un  stijS  \RLA  problems,  b.it 
computer  ti.ne  and  numbers  of  network  solutions  to  be  interpretec.  m.ay  quirkiy  become 
excessive  if  this  approach  is  used  for  iaiger  NRLA  problems. 

2.6.4  Extremes  Onlv  Sensitivitv 


With  extremes  oniy  sensitivity,  only  two  leveis,  tne  i  -wer  ana  upper 
extremes,  are  investigated.  As  an  example,  if  there  were  three  LRl  s  a:id  tiie  sele<  ted 
range  for  ^<iTBF  were  50%-200%,  the  NRLA  progratn  would  (.,,ve  'esults  a.s  e.ich  LRU- 
MTBF  was  sequentially  changed  to  tne  extreme  of  the  ranges  se.et  ted.  The  network 
would  be  solved  up  to  six  times  (two  solutions  per  LRU  or  .SRU)  .n  addition  to  tne 
oaseline  case.  Table  5  lists  the  input  for  six  network  variations  that  would  bo  solved. 


TABLE  5 

INDIVIDUAL  CHANGE  MTBF  FACTORS 


INPUT  VARIATION 

— 

2 

3 

4 

5 

6 

LRU  i 

50% 

200% 

100% 

100% 

100% 

100% 

LRU  2 

100% 

100% 

50% 

200% 

100% 

100% 

LRU  3 

100% 

100% 

100% 

100% 

If  LR  U  cost  and  MTBF  were  heir,^  investi^',ated.  np  'o  .'2  ootp'.its  would  be 
produced,  six  for  each  of  the  factors  bcinj;  :nvesti};at'''d.  n  c'  l,R  ’  7S1?  t. w^-'e  bicu^? 
investigated,  up  to  240  outputs  might  i-e  p'-oduced; 

60  X  2  X  2  2'iO 

LRUs/SRUs  X  outputs  x  No.  Farto'-s  outputs 

factor  i,  ivestigat'^d 

The  words  "might  be  produced"  are  asecf  since  if  no  cftanges  occur  at  the  extreMie  being 
investigated,  only  a  message  is  produced.  NOTE:  The  number  of  co  riput'>'  -"sy  ue 
different  than  the  number  of  outputs,  sine-’  output  's  onlv  produced  if  rep.i.r  levels 
selected  are  different  from  the  baseline. 

This  type  of  investigation  for  a  large  NR  LA  problem  tfiough  quici<er  than 
swept  sensitivity,  may  still  use  excessive  computer  time  and  ptiKUice  excessive  ••.ijtpjt. 

2.6.5  Wholesale  Changes  (WC)  Sensitivity  is  sitnilar  to  extremes  only,  except 
that  all  changes  tor  a  given  factor  are  inade  at  on-te.  Howevr--,  nee  'oijbiing 
halving  ail  costs  o'*  MTBF  at  once  is  rather  extreme,  the  simple  rang*'  lor  WO  is  SO  - 
125%.  The  user  should  sc'lect  a  realistic  WC  range  in  keeping  w:tn  the  natur"  of  ‘us 
system.  For  the  three  LRUs  used  earlier,  see  able  6. 


Instead  of  up  to  six  outputs,  only  two  are  produ<:ed:.  Thus,  if  Li^U  cost  and 
MTBF,  and  5E  costs  were  being  investigated,  exas-tlv  six  output  reports  would  be 
produced,  two  for  each  factor,  regardless  of  how  many  LRI  /SPUs  or  hE  we’m  in  the 
system  being  investigated.  The  justification  for  maxing  such  "wholesale"  changes  is 
that  the  user  is  less  interested  in  the  repair  policy  for  a.ny  pari'cular  LRF'  o'"  bRL  than 
the  affect  on  total  system  costs. 

If  a  group  of  changes  are  made  s'multaneous'v  in  one  direct  on,  e.g., 
doubling  the  cost  of  all  LRUs,  and  the  system  cost  or  r':e  repair  levels  selected  do  not 
change  significantly,  we  may  conciudc'  .fia*  any  one  of  the  LR!1  costs  if  doubled,  would 
have  even  less  of  an  .iffecr.  We  -vouid  have  avoided  the  need  for  individui  i  change 
sensitivity  for  all  items.  If  the'?  is  an  interest  in  a  particular  variation  of  a  (xtrtirular 
LRU  or  SE,  this  can  be  set  up  for  a  sp?cia’  computer  run. 


i'  cf  tliv  '*.■; 

JeveJs  bCiPCtt  o  .iro  .-rv  d.f  !!:-•,  u:, 
detennir^e  i.ic  mos:  Si-rai .Cu'.x  .x^-.r.s  .vitn  rp^. 


■  !-■  .^CS  ■,  a!)d-.. 

■  s.'O.iU'i  pi‘,  <; 

.ir  IS  to  scns.'ivitv. 


jPuTiT  or 
r-'o'’*,'  '.o 


'<  '  ir ; ;  j- 1  r 

1 .  /  .  b  K  'j 


2.6.f  Pdrcto  Anal\ s.i 


Pareto  Ana!ysis  ;s  perforr.ioo  in  a  fashion  sin.-Jar  :>  extre  r.<‘i>  ..'i;/.  The 
rridjor  difierence  is  Tr.:.i  'nstead  of  all  LRUs,  SRUs,  ariC  ^  E.  .ndn.  .d,.ali  ,• 

'.nvesiigciCi  .  u'lr*^  lu  sonsitA'it'. .  rn;y  ttie  n;i;hest  cost  sr  .owes*  \1TTF  items  aT- 

r'.’’ estij,at"d.  '-smg  Pareto  an.u.v-jis,  the  .isor  fan  oeic'  n.ne  ‘-‘.ai  t.,'  boss  OiUt  ’ 
compai^.'  tone  he  car,  afford,  ho\».  n  cc'i  uat|..ijt  !ie  wants.  anC  can  tailor  f  ;e 
investigation  tt,  ms  resoLimes.  To  shu'v  th"  m.vjntapo  or  the  Parf-r  or.iach,  Taole  7 
was  prepared. 

fX'e  ca,i  me  varioes  situation. ..  h'asm.ne  t  .e  ori,pr.al!y  C/'Ojectea 

levels;  Pessimistic  (Pess),  sc.me  Sitoiit/on  worse  than  me  Aaselme;  aiv!  Opii-mirti'  (Opt), 
some  situation  better  titan  the  BastTine. 

Table  V  is  the  res'.iil  of  a  t  <  xtrerr.es  one.  'Pessimistic  and  Opt.inistic) 
,n  VGSt  L  lO  r.  of  'ne  individual  LRU  VlTBP  (iipce  p.srt)  .:-,n."l  LRU  costs  Pov.er  naith  The 
left  hand  group  of  colomns  gives  the  MThF  or  LRi.i  tost,  '.yst',-:;!  cost,  .ino  pc..-ert  of 
baseline  cost  of  tn.-  optimtstK  extreme.  The  center  columns  h^t  the  Raselitie  \1TBF  and 
system  cost.  Ti'  right  hand  columns  hsi  the  pessimism-  vlTBF  or  lRc.'  cost,  svstein 
cost,  .and  percentage  of  baseline. 

In  the  center  columns,  the  baselme  NR  LA  coiiipiiter  run  haci  a  svstem  cost 
of  $JC.79;,C')0.  The  .'■espective  baseline  MTbF  and  cost/L.RU  are  shown.  U  LRP-i 
MTDF  1  f,,ingcs  from  77^  hours  (Baseline),  to  15i>j  noi.rs  iOpt!tr,.stic)  a’td  no  other 
c.tanges  are  made,  the  altered  system  costs  $10,66^,000  to  operate,  or  97'.ic  of  the 
baseli.ne  vaiue.  The  "ail"  rows  show  the  system  cost  T  ai.  MTBF  .ir  LRl  costs  were 
simultaneously  changed.  Thus  in  the  baseline  columns,  an  S2  nour  MTBF  is  the 
composite  MTBF  of  .all  f.ve  LRUs  taken  together  anci  .$2ie>,C60  is  tne  cost  of  aii  five 
LRUs. 


To  prepare  Table  7,  25  coniDuter  runs  were  necessary,  one  for  the  baseiine 
and  12  each  for  vAptimistic  and  Pesiinistic  levels. 

Using  tne  Pareto  method,  only  the  worst  MTBF  and  cost  items  would  nave 
.-een  selected  tor  investigation,  l.i  this  case,  LRU-5  (MTBF)  and  LRUs  2  and  7  (CostJ 
only  might  have  been  selected.  Seven  com.putcr  runs  would  have  been  ntade,  Baseline, 
Optimistic,  and  Pessimistic  ,MTBF  for  LRtT-5  and  optimistic  and  pessimistic  costs  for 
LRUs  2  and  5.  Comparing  the  computer  runs  that  would  have  been  selectea  for  Pareto 
analyses  w::h  the  other  ones,  we  note  that  the  worst  .MTBF  and  LRL'  cost  itenis  had  the 
greatest  effect  on  svstem  cost.  Had  we  examined  these  onl> ,  we  would  have 
determined  the  sensitivity  of  sy.stem  costs  to  changes  in  LRU  cost  and  MTBF  of  these 
items.  Wo  would  have  gained  the  most  important  information  with  7  computer  runs 
instead  .f  25.  Note  rnat  for  LRlj-5,  system  costs  are  murn  more  sensitive  to  MTBF 
man  'ost  variation.  Doubling  the  cost  ol  LRU-5  causes  a  7%  increase  in  system  cost. 
Halving  trie  ,MTBF  causes  a  44%  increase  in  system  costs,  improving  or  controlling  the 
.MTBF  of  LRU  5  .b  significciritly  more  important  than  reducing  or  controlling  its  costs. 
An  opportunity  presents  itself  to  invest  money  in  tf.c  LRU,  increasing  its  necessary 
cost.s  if  i.hf  MTBF  could  be  significantly  improved.  This  analysis  applies  to  the  sample 
oroblem  only.  Each  problem  would  require  individual  analysis.  The  example  describes  a 
Pareto  anaiysis  for  LRU  MTBF  and  costs.  A  similar  Pareto  analysis  should  be 
performed  for  SE  costs. 


.51 


Thf  va):j-'  of  Pareto  analy=.^  is  redo,  ed  cu'iiojter  r.;r.  thtio  ..nd  bens.t.vity 
output.  It  enables  the  user  to  focus  on  the  imoort^-rt  proolerns  an.d  not  tecaine  lost  "i 
excessive  analysis  of  probaole  low  utility. 

2.6.7  Sensjtiv.ty  V'ariations;  Table  S  summarizes  tbe  sensitivitv  variations 
available  witnout  changin^i  the  base.ine  data. 


T_ble  8  -  Standc-'d  Sensitiv.ty 


i 

Swept  , 

Extremes 

Only 

Wholesvile  j  Pareto 

1 

_ 1 _ 

— 

LRL:  Cost 

X 

X 

X  X 

SR  LI  Cost 

\ 

X 

LRl'  MTBF 

X 

X 

X  !  X 

■St;  Cost 

_ ^ _ i _ 2 - 

Multiple  Runs.  Because  the  program  investigates  a  limited  number  of 
variations  the  use.-  may  wish  to  make  rultipie  runs,  it  may  be  necessary  to  investigate 
the  effect  of  diffe'ent  end-item  utihza'ion  rates,  re'p.iir  cycle  times,  or  different 
upport  equipment  configurations  and  req.nr.tments.  Additionaiiy,  joint  sensitivities 
may  be  calculated  in  which  costs  o:  MTBi's  change  simultaneous, y  for  a  group  of  items. 
Further,  the  effect  of  higher  unit  cost  coupled  with  Higher  MTBF  could  be  examined,  as 
well  as  the  highly  undesirable  situation  of  higher  cost  coupled  with  a  lower  MTBF. 

2.6.8  bensitivity  Analysis  Strategy 

Sensitivity  analysis  for  NRLA  should  not  be  performed  blindly  or  by  rote. 
Rather  tne  user  should  perform  a  step-by-step  investigation  at  each  stage  carefully 
determining  the  cos:  and  orobable  benefits  of  continued  investigation.  Figure  8  snows  a 
suggested  diagram  of  a  NRLA  sensitivitv  analysis.  Notice  that  at  everv  phase  of 
analysis  the  user  reevaluates  where  ie  stands  and  the  value  of  .■ontiniiing  the 
.nvestigation.  Ho  should  not  blindly  use  computer  power,  to  generate  voiuiriinous 
output,  of  questionable  use,  at  potentually  high  cost. 

In  determining  whether  to  continue  die  investigation,  the  user  snould 
estimate  how  .nany  times  the  NRLA  program  will  have  to  solve  the  netvsork  and  tbe 
estimated  comouter  time  or  cost.  This  is  relatively  easv  except  tor  swept  sensitivity. 
He  should  also  note  the  expected  volume  of  output,  an.i  whether  or  not  SA  aircadv 
produced  yields  sufficient  information  to  warrant  stoppmg.  In  general,  swept 
sensitivity  and  possibly  extremes  only,  will  be  prohibitively  costly  tor  large  proniems. 

The  computer  run  time  can  be  estimated  by  solving  the  problem  once  with 
no  sensitivity.  The  CPLi  time  would  be  a  conservative  estimate  of  the  network  solution 
time.  In  a  problem  of  iny  magnitude,  solving  the  network  takes  the  bulk  of  the  time 
compared  to  the  input  and  output. 


FlGURK  8 


2.t  ,9 


Pc:,  i-,  <  ■■  •■■1.^.  v,)pe-.!TlO 

l'i:.::v  d. >.~i'.a'v;.:  (if!/  -’.e  ability  tc  J.r'i'.'i.v  .  l  j  j...  , 

inoividu.  ;  WTBF  aiid/or  LRl.'  ddd  s:.  .  ^:s:.  Th'is  a  .„r.  .  bt- 

rni.TipL.r!  ov  ,ny  This  daiilf,'  .s  ’  far  I’areto  ^.r,a;ysis  ;»,r  a  s.-i.  i.-r  ;,,i 

. terns.  siii  .vP  or  P^uc'c  ao:;. pater  rt  is.  ■.  arhs  9  ^  .id  '  .  srr,\v-:  a;  j  lUst 

ae  Liseo.  iJsr  oi  i  iese  aaras  .5  aoscrioed  in  Taalc  9. 


T  ;  ole  9  -  Ind;-.  .dii  n 


P./iSr.  '  VrL  .  P'F  Cb.-'.NGES  : 


; ^G;v'  0  lai  Change  , 
Or:!v 


r.  IS  .  r  1 . . 


o.es.b  i.in,;.  s 


i'ar  ters 


Inoivi^a,.  V  U  b.,.evi;. 
G  .ar.;.  es 


',VC  r-jc 


tfiter  1',.,, 


!t  IS  unlikely  th.^t  tre‘  -iser  .vili  wan..  :o  r.  ',  (Ti?-  i.  '■<  he  r.o<-^  tee  Wc'  arij  !('  .actors 
botn  appiy. 


G.aro  9  iidPie lO-  'A  n.de.vile  cacto,’'  .?^rc.  I  cato  'la;,  tb.'oc 

sentries,  "‘'iv  first  rntiitipi'es  ...1  „;'G,  a  id  ',Ri.  pie.te  .'.ai'ts  itost.s  .cid  .SR;  inr,  SR  i  t. 
harts  cost'',  r-e  secord  .p.ul'.  oiics  all  L',<o  .N'.TRFs.  and  ahe  t..  ,  o  '-luit .pbe'-  .Sl  costs. 
.\ny  coinoi.-'iti'r  of  positive  factors  is  pc>ss;ble.  if  ..i  basehne  case  -a  t^es.rcc,  sc.-j^dy  use 
1.0  for  eact  inoltipaer  en ^r_v.  "* 

Care  '  ),  ITabje  1.,’)  1. :  iiv  icoai  Chanpc  can  or  c.R.-'c.  Ti'js  at  '  ci:-,  ,ese:-| 
iiivris.  The  fi'-st  t  vo  pairs  are  fs;r  S£  r-.-sc,  :rr.>  nun.bers  ,inc  the  c  . .  'anyt  :  -r. 
Pa;''s  of  O'^'i'ies  are  c^vr-n  .^o  tr.cit  the  user  c-.in  cl..:.ngc  SE  ''osts  a.  i  ■ 'c  ''iricc... '.e  d:;:. 
at  Dtp'Ot  v^itb  one  Cdi'.d.  T.  coes  not  .'natter  whetner  depot  or  termec.ate  aata  o 
r-nic'tec  J  1  d  partict.la,'  sot  of  col'j'.ir.-..  T'''e  SE  Rvesource  nan, her  r.stri.t  t'-  the  prot'cc 
c-s  10  whicn  iT  .s.  The  iiif.  t.sdo  to'  LH',  uientif e.;r  i\>,crs  ii'ut  oopi  a'.;'  ."nasi 
in.itch  coiunin.s  a  *o  .0  of  the  LRl  -d  tic.  fae  Sixtn  ano  sevc'nn  a'e  .o'  LRi  -  .)s! 
anci  .MTBF  tat, tors. 

Table  li  gwa-s  a  c.inpii:  of  id  r-ma  ....  lEjs.rato  •  ,)t  tne  seisc  vitv 
ar,aiy-.is  teature.  Notic.i  th.a.  nata  lor  eacn  ru'.  is  bcg'in  witn  .  fare  9  ...vi  e  ,c'-  wifi  a 
99999  r.arc.  Variable  data  in.  v  oe  enter. -d  m  the  Ca.'G  9  ar.d  ti;e  ('..rn  "  wf.  'o  usee. 

Ru'iS  i-6  .  i,..,;raT('  .v 'lOicsaH  changes.  ;,RI'  casts,  UTlhl'.  a,,.j  .,j  ..,s;s..;\ 

cd.'ci  .lO.',  .a, 'Id  o,a!vcc.  T.iese  are  t.'ie  s.x  '.ariations  dr.i  iissed  curiie.'  w",;  -.,e..t 

amount  ..’t  irifo.  inat  on  n  s  x  runs.  Runs  7-14  .llustru.e  Indivcnaai  '.cianyc  .  fhese  ..re 
used  for  Pareto  analys.s.  Runs  7  ar.;'  K  ooubie  and  half  SE  .'-osts  tor  SL  -9C.  a;  c  (iO';i. 
Runs  9-12  double  and  half  costs  for  the  indi.  ated  LRL's.  Runs  13  an.ii  14  nourhe  .ma  b.il! 
MTBc  for  the  .ndicated  LRf.  Run  15  aouhies  the  cost  of  SE  2001,  doubles  the  cost  oi 
LRIis  C4581  .;,id  C45X6  a-id  h.tlve..  the  MTPFs.  It  illustrates  how  -nultiple  ermnyes  -'an 
1“’  made  on  one  computer  ru.u.  These  changes  to  mdividua;  tartors,  Runs  7-iS,  are 
perform.ed  to  deterrTuP.e  trie  individual  effects  .an  costs  ar.C  reoair  levels. 


Since  each  computer  system  may  accept  data  input  in  a  slightly  dilferent 
manner,  the  description  of  the  data  input  process  for  wholesale  changes  and  ino'v  dud! 
changes  is  given  in  ge  eral  terms  only.  The  user  must  adapt  the  input  to  h:s  soecif^' 
computer  system. 

[f  the  user  is  making  wholesale  changes,  then  data  records  (Card  h)  as  m 
Table  12a  must  be  prepared.  One  data  record  (one  Card  9  follo'veh  bv  a  9999'-  Care) 
must  be  entered  and  run  at  a  time. 

If  it  is  desired  to  do  individual  changes,  then  Card  9  with  ones  inser'ed 
must  be  entered  followed  by  one  or  mo'e  Card  iO's.  (Table  12b).  If  more  than  one 
Card  10  is  entered,  then  al!  the  changes  will  become  part  of  the  run. 

Tables  I2a,  b  and  c  show  the  ifata  of  Table  1!  as  't  would  be  listed  fc 
actual  data  entry.  Table  10  is  a  data  form  sultaLde  for  reproduction. 


(This  page  is  purpose  1\'  '.’lank 


PA^  blank-not  nu^ss) 


3.  Pro^r^m  C’utput 


3.1  (]c:ier  il  -  T'.ere  are  cighr  types  of  ou’ou  .  T;ie'/  contain  data  .nput,  ■.ntet  Oieriiate 
results,  supplementary  information,  the  optim.t'  snajtion  and  sensitivity  analysis.  These 
may  be  mixed  m  t'ne  output,  so  that  closely  related  inforn.ation  is  presented  togetuer. 

Input  types  ( i ),  i.d),  and  (3)  (Figure  1)  are  pi  inted  on  Ouptut  (1)  (Figure  9),  Genera; 
Information.  Input  (4J  (Figure  2;  is  printed  on  Output  (2)  (Figure  !2),  Computed  SE 
Costs,  irnuts  (3),  (6.-,  ana  (7)  (Figures  3,  4,  and  5)  are  printed  as  part  of  Output  (7, 
iFigure  Repair  Level  Decision  Details.  Inp.t  type  (S)  is  printed  in  rnoni'ipd  iorm  o,i 
Output  (3)  (r  igure  1  1). 

The  LRUs  are  printed  in  the  order  of  ir.p'.i  oe  Rer.ord  5.  Tite  assor  latec  LRl 
failure  modes  are  prmced  immediately  following  the  LR;j  and  are  in  the  ordcf  of  innut 
on  Record  fe.  The  associated  SRUs  are  listed  directiy  following  the  LRU  rfwaroiess  of 
the  order  of  input  on  Record  7.  The  SE  are  listed  in  the  order  of  input  o  .  Record  4. 
Where  the  output  simply  lists  the  input  the  user  snould  refer  to  the  input  dusuriptions 
for  added  detail  no:  shown  with  the  outpu*:  description. 

3.2  System  Facmrs.  Figure  9  lists  in  th-ee  columr,s  the  data  from  input  recurt,^  ..  2. 
and  3.  The  listings  ire  in  the  same  sequence  as  the  input  record.  See  2.3  Inpi,;  l3ata 
File  for  an  rxplar.at.on  oi  this  output. 

3.3  Supp  ..rt  Equipment  Input  Values.  Figure  lO  lists  the  s,.ime  information  as  given  on. 
input  record  '•  m  SE  code  sequence. 

3.4  SE  to  lRU/SRU  Relationships. 

Figure  ii  sliows  data  originally  input  as  record  8.  lioncontaliy  across  the  top  m 
sequence  th«  SE  cores  are  given.  Vertically  the  LRU  and  SRu)  names  and  identilKaiion 
numbers  arc  given.  An  X  in  the  body  of  the  table  irdiCates  that  if  an  LRU'  has  laiieci  m 
a  particular  faiiure  mode  or  an  SRU  has  failed,  the  iricc.scctirig  SE  must  Pe  used  for  tne 
repair  at  depot  or  Uase,  respectively. 

In  addition  to  the  basic  data  relating  LRUs  and  SRUs  lo  SE,  data  relaxed  to  use  ol 
the  SE  is  included  for  information.  In  Figure  1  1,  the  reference  numbers  correlate  'v.th 
tne  follow'ing  .teir.i.  They  consist  of  (1)  the  Repairs/ Month  ol  the  LRU,  (2;  tee  percent 
failures  by  failure  m.ode,  and  (3)  the  Repairs/Month  of  the  LRU  m  each  ot  ,ts  faiiure 
modes.  Also  contained  are  the  number  of  nours/month  the  SE  wou;d  be  used  at  base  anci 
depot  if  assigned  by  the  respective  (4)  LRU  failure  modes,  and  ( 5)  the  SRI  :s. 

In  understanding  this  output  it  is  important  that  the  user  recall  tne  mcanmg  ol  a 
failure  mode.  When  an  LRU  fads,  it  is  assigned  to  SE  tii  determine  the  tault  and  to 
repair  the  LRU.  The  repair  consists  of  removing  and  replacing  an  SRI  I.  Th..s,  rhe  LRU 
used  a  set  of  SE  for  repair.  When  tlie  SRU  is  repaired,  it  is  assigned  to  a  set  of  ■>!  lor 
its  repair,  thus,  two  sets  of  SE  may  be  involved  for  each  failure  mode,  (U  a  set  for 
repair  of  LRU  and  (2)  one  set  for  repair  of  the  SRU.  This  explains  wh.y  two  rows  of  SE 
data  are  entered  for  each  failure  mode. 

Where  the  faduie  mode  has  no  associated  SRU,  then  a  chassis  or  carcass  failure 
has  occurred.  The  SE  to  repair  the  carcass  is  then  given  in  the  body  of  the  table. 
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A  failure  :r'ode  with  no  associa'ed  SR.,'  rauir!  h’'  a/  ludf^r!  tn  ti  <:• 

fraction  of  time  t  iat  LRU  retestr  .-k.iv  (RTi^K).  L-  tha  -ase,  -c,.  >[■  ^ 

given  in  the  boc  /  of  tl^e  tanie.  The  ant'i.,"  :nr..  :h.  n '■  ‘  ”  ' 

assignment  of  LR  Js  and  SRLK  to  SE. 

3.‘i  Computed  SE  Costs  (Fig'i.e  lb).  p,'-i'v  <■  :  ,  '-a  ■  i  h, )  .--a 

partly  cornputaticns  baNcd  upoa  Record  i'U.  Tha  *  ...  .'d  .im  ■  c  a,.s 

and  SE  narnes.  Colums  U)  and  '•*)  gise  tlm  iva'nh»>'  a  >•>  t.ot.--  t..-.' 

new  purchases.  d;o’umns  (5)  ar'd  {(>/  giV'.'  a‘'.a;-e  h-i  ."'  jr'  ■.  ''  d  ."r’-  h”'  e.-'  s  t'  '' 

percent  ousy  O'  u^age  Column  ^8)  “ic  ,  .  >  .  ■  ,,  ■  . 

Col'j.mn  (9)  gives  the  L.fe  Cyr 'e  Cpe-' ati''.;;  Cost  ..e  '^c  ..•nc 

Column  110)  give  the  cost  o‘  ,‘.ny  {.iriliTies  renud- ■  -v-  t  "  ■  o . ■  ■.  '  '  i  , 

the  sum  Coi'.J’T  vs  (.SI,  (9)  and  (10).  giv.vs  the  tv-t-vi  '  f--  '  ..is- 

basis.  These  costs  would  be  incur."'-  ;  if  ,i  pa'r.cu.a'’  *'''  .-i  s.  ,  s,.-'.'  <■  .  ^'l  ■  ....  '  <■ 

used,  totals  are  net  rreaningfui  and  .'•'■e  given. 

3.6  Support  E.qu-pment  Reguiremetit->  (’^igure  I?'.  T'-'.'s  mst) 

NRLA  solution  re  ited  to  Sh.  F  .)r  deont  and  htn  e,  ('■il  .;-:'';  ' 
name.  Colu'nn  Cl  tells  hov'  many  ‘'g  x\\  be  r'  c’uircc.  -d.  b. 
information  trom  .Zolurnns  (6),  1^),  .iO-j  '  ‘  U  of  ^..-’ur'-  1.?. 


,  .  .1'  ■r'' 


Note  the  quantity  vf  SE  ‘vf  a  pa^tic  bar  f.-oe  •■e.-’i.ared  .  o.i  r-.i.  be  tne  ciant.tv 
listed  in  ’-'igure  1/  or  none.  If  none  at''  reqi.jir<.d  t"''  ;  is  r.':  h  n-H  E.g:y,  ;  h  Jf  i;  is 
reauired  the  qua  itity  shows  h.  Figi.ire  h  wil  ne  tecu.r'-d  I'ig'.c  •  1’.  Thto , 
Figure  12  shows  3  of  a  t'tarticular  kind  of  S  ,,  edne-  t;r  ;  wdl  in.d’.,  ,tcc  .oy  F  igut-e  !  U 
The  u.se  of  or  2  will  not  xcur.  "'ns  .>  .'•ue  "o  t'"-'  ■  mt ,sr\  sigu  .tnn:.  Cnbjrr  ^  '*  gives 

the  cost  of  purcti.,.  iing  ’he  cuartthy.  C  '''nm:  ">■  ..'noA  .  th--  nourc 'mont':  •'  o  hE  vi.l  br'  in 

use  and  Colunm  (f-f  shows  the  nert.entage  o'  .v. aiioo'-'  t.  r.:.  t''-'  br  be  .p,  ise. 

3.7  LRU  and  SRLi  Repair  Levei  nf-cis’on.s-  'hgcre  li  and  its  ...oritinnation,  F  gnre  I^^a, 
give  the  repair  !c  .el  decisions  '.  us  relart'C  mf.sr  na’-O".  "'’''e  ou'Pu’  i.s  '/i  'o-jr  g’'o  jps  n< 

co'umc.s,  (a)  LRl.'  SF7c  "s.rre  .and  ide  ifitm.ition  n.imbe-.  I'u  l.R','  i>‘e  cvche  .''..'s'  ,y.''  ^  isf 

for  the  repair  op  tor  selected.  vC)  ''RU  I'^e  cyr  !•.’  oer  base  fur  t'se  rep.' ;r  option 

seieciod,  -and  (d)  'ost  of  t-e  LRU  O"  '.Eh,  fai'ii'e  rate’s,  .MTAP,  a-':,  '  fe  .ivt  'e 

demands  'ler  intcmcni.at?  locat'C'.  -'x.  ludes  .effect'-  of  repair  .n  [..lar''.  It 

■ncludes  i'ntermed  ate,  d'cvot.  or  sc’s'io  op*,  n,-'-  o"; 


A  cost  ent^;.  indicates  that  tlic  repair  -s  made  at  I'm  location  indicated.  The  cost 
entered  relates  oruy  to  the  LRU  or  SRi'.  It  does  not  include  SE  costs  which  were  shown 
m  Figure  13.  If  m  ooticn  nas  been  Jel'berat'''/  excluded  ns '-.g  the  procedure',  of  Input 
record  6  or  7,  the  word  XC'i  ih  iridicutes  tne  ontosn  escluc'ed. 
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T^ere  a*  e  sc-c:'  H.ab.b'.'  go..  ls-oHS  e.-ci,  Li'!  .'Si<l:  ’d..  jrt  ::.ocr  pd,:'  iSeo 

Taol?  l“f  1.1  Ap.j^.i^ix  i.:  T.ie  -a-venin  .iv-i;:  o'l  (LRl  'icrap  ariG  '<t<i .  .nep.^L  ,>  a:; 
^"'.Gosi roii,:! le  OGtiOiTio.  r  or  toc"  .  ■•i  jor/;.  iis  possi  iili '. y  of  u  '  urroir.  'lo.  oo 

or  _  V  eotoif .  it;  iixo'hri'O dc  of  ...o’.vevor  iS  i/erv  Loov.  Wfi'?"i  li  .icctrs,  The 

'^cbsasc  'C.ASE  ERROR’  'o;:;  .\ppe.ir  .n  :he  outpor  jnch-r  tL  '  SRL'  Lif--  Cyi.  j.'  C.)b:.s 
Col  .Appenui.x  ‘t  ^:veb  additic.-^ol  dotad.  The  oser  shi.  .id  the!'!  rerun  t.-.e  pro.trcir,  ,c 

two  v.iriati.'os  for  eicn  i.xCurreno(';  f)  eycli'ling  the  Lfif!.'  sorap  option.  .i;i.-; 

v2i  e.'.'i  io.n.^  •  e  .oR!..  deoot  repo..,'  ootio...  The  '■ni.nni.iin  cosi  variation  of  the  .wo  r  ..'o 
tnen  ix  '.r  iocted  a^  tr.e  Geo.ib;  )a. 

LS  Rep  lyr  Lepo;  .  .fe.'.b.on  0<  t.-.,.-  .  Fipu.  e  . contains  i.ve  lype^  .  .  ca'.  u  ' 

'  !  ;..  .ist;nn  uip'  lecorc  n  pins  1  :e  cvc:.-  c.en  anas  and  riieai.  n  no  oi-' xi-c-n 
.L-  the  lR'u,  (n)  :di!i.re  moGe  lOp.ii  dat  t  for-  ;he  LRiJ.  rdus  OTr.k  oi  !  h 
Jeinan o's/ha.se,  icKhRii  ciput  .aui.i  values.,  fa/.-.vlr  logiscir  c.'.sis,  and  (e.oRi 
costs.  Items  (  R  (e)  are  so  marked  ii.  Figure  i5. 

As  p.irt  of  tc'''  incut  the  user  specifies  any  forceo  repair  leve.  exclusio  ; ..  These 
-■■fe  listed  in  sect.O'is  o  a'^d  c  since  tnev  are  part  of  the  input  data.  .A  entry 

indicates  ite;,,  was  .ot  .-xcluried.  .A  ‘one'  er.t'y  indicat.-es  lorcioie  ex.'ius.on.  Tvbc.  'one.' 
means  tf.at  me  thirc;  item  has  been  forced  .n.  if  three  'ones  were  erronecu.iv  ...ntere  ; 
ti'.ese  were  chanp.-d  t.o  'zeros'  dS  part  of  the  coiriputation  and  a  nessage  prure" 
tout) wing  the  Suoport  Equip, nent  Input  Vaiues,  Figure  10.  The  run  \>.a>  cont.nuec  w.tn 
no  exciusior.s  for  tno  iterri  and  al;  'zeros’  v^-ould  be  p.-inted. 

.■'.j  itjons  (d)  diKi  (ei  of  this  display  give  'he  ten  locistic  cos's  tc  .oe  Uisc.i'S'^c  m 
conjunc  lO.n  with  Taole  13  in  Appendix  i.  They  arc  intended  for  informational  us--  onlv. 
It  is  .no.  pass. hie  to  compare  the  totals  and  select  tht-  proper  repair  level,  -  .nee  ‘'upper* 
Equipment  costs  an.d  new  repair  ^anilities  costs  arc  not  in.*. tided. 

\o  SE  .'icquisition  ana  maintenance  costs  are  shown-  Rather  ***  is  printed.  These 
PE  cos.s  are  given  Ototput  5  (Fig;  re  13).  They  are  not  shown  witr,  the  LR!  s  or  SR’Js 
since  no  prorat.cn  is  'peri'oriTied.  Finally,  tne  opt  :nal  decision  is  given  for  the  item.  If  a 
Case  7  error  has  occurred  this  message  wu,  be  printed  below  the  op*. mol  re?-' isior, 
statement.  The  //  indicates  that  the  cost  occurs  only  if  the  LRU  is  base  repa.ren. 

3  9  Sensitiv.ty  Analvs.s.  In  order  to  understand  the  sensitivity  output  the  user  should 
understand  the  sequence  of  computations  fo,*  sensitivity  analysis.  Tne  bas.c  Lne  c.tse  ;s 
coifipuieo  for  which  the  solution  has  -already  been  given.  The  problem  is  t  ten  soivec 
sequentiallv  from  the  Lower  Range  (L)  o  the  Upper  Range  (Lj)  for  the  LRA  or  SRI' 
parameter  beirig  investigated. 

The  value  at  wbich  a  change  occu;  3  is  de’ermined  wRhin  1%  of  tne  vauie  .sf  ii.e 
LRU.  Thus,  two  ranges  must  be  displayea  (1)  the  'ang._  over  '.vine.',  a  g.\'en  R._.A 
decision  f,olds.  and  (2)  the  1%  range  of  un  :ert..iinty  in  which  the  chiange  o1  RL.A  Cenisio:', 
isrcurs.  T'*..-  1%  pertains  to  LRUs  only.  The  eftert  on  SFUJs  may  be  tar  ddferent  tnau 
1%  01  t:if  SR!.,  value. 

3.i0  SeTin..3,-'y  Results  -  These  are  printed  as  part  of  the  Repair  Level  Hecision  Details 
following  *!te  respective  failure  mode  details.  In  F.gure  lb  ui)  two  values  ajspear 
vertically  as  the  decision  ch.ingc  ..xiint,  tiic  upoer  and  lower  limits  of  the  I ‘h  ran/te. 
Vertically  down  tite  left  ..olumn  the  LRFI  or  SRi '  mvolveu  in  the  changes  uue  to 
sensitivity  analysis  are  given.  The  de.’ision  r.  shown  betw'een  the  change  points 
n.dicating  that  tne  decision  is  good  only  over  the  range  indicated  by  the  change  point. 
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The  Tiult'ple  asterisks  ^h)  over  >y  e  se?  □{  decisio  is  .;v!'('-iU's  : '.e  hase!  ')>•  :ase 
optima!  decision.  The  asterisks  related  to  ’’’le  Lower  'Li  ran^e  s  )  .'.c,  itc  ti:<;  nunjbi  '• 
of  changes  from  ttie  baseline  .  .-.s.-  to  the  Lnwer  end  q-  the  ran;;C.  Tiic  I'-terisk. 

(d)  in  'he  bodv  of  ’  ic  tabio  incirato  where  the  >  hannc  ■  oi  ciir  <  •.-.■np.nfd  to  the  d'n  ent 

decisions. 

Below  a  count  of  the  changes  ;s  given.  '*'he  roum  .a  the  very-  left  hard  ro!u~n'. 

(e)  is  the  nurnbe''  jf  changes  t'0'~  th e  Paseihne  case  j'e  as :o r to  e  -m e^ 

!i rnits.  Succeeding  counts  moving  to  the  r^ght  h')  ar'.  ti  r-  n.  ripe'-  e  rC  m  ,.p  .-i,-, 

preceding  lower  value  dec  sion.  Note  that  only  the  details  of  the  -ierisavi  '  '■'■vacs  fon 
LRUs  and  SRL's  being  investigated  a'e  given.  This  is  cue  le  soar'.-  iimitatio  If  the 
count  of  changes  is  greater  than  the  n  Jtr.ber  shown,  'he  ccineie'e  anal.  Us  at  '■  e  end  af 
tlte  ran  should  be  consulted. 

\V'here  no  changes  occ  ir  over  ti'ie  entire  range,  Pie  statement  NO  OTCfSIOV 
CHANGES  is  p-inted  in  heu  o:  a  table  (figure  17';. 

The  count  of  SE  changes  is  given  as  part  of  Sensitr/itv  Summary,  but  tb.e  listing  of 
the  SE  changes  is  g'ven  with  the  complete  sensitiv,ty  •■esui'  '•etpet  h.  E’aure  ;9. 

As  an  exarnp'e  in  Figure  16,  LRU  9  is  Depo'  repai-ed  a:  the  o'-igintd  solut  on  when 
SRI'  Sr  ‘s  tie  fa;!  ire  mode.  U  hen  the  MTBF  is  feauced  %%  to  i2f!0  '■irs,  tht  LRU  Is 
base  reoai'ed  in  tTie  SiHU  b7  is  failure  mode.  It  ’-cmains  base  renairec  ts  MTBF 
ncreases  until  VfT'dF  =  16^0.  Between  1690  and  1660  the  LRU  changes  to  depc*  repair. 
Tnis  ;s  the  '%  ran  'e  of  incertainty.  Notice  tha'  ERU  '^7  hanges  from  base  to  scrip  in 
the  !';C,S-!!i6k  ‘lou'  '"ange. 

\fter  the  .n  i  li  p'-oblcirs  has  aeon  optimized  (indicated  ov  **“*),  the  toner  bound 
solution  ,s  calcijla ted,  nere  ftp  125C  nours  level.  The  nutr.be'  cf  RLA  changes 
'-on  opt. men  to  me  lower  bound  for  LRU  and  “'RU  ai  c  indicated  by  the  icatent  ■*.  A 
count  of  'he  numb  r  cf  changes  made  a'ld  the  total  (here  3'  is  indicatprf.  Except  for 
the  first  colu’T,!^,  *  at  'cach  c'oltinip  iivU  :  i'p';  the  item  charger'  fro-"  tne  preceding 
coluinn.  'below  '' e  cou’tt  of  the  rhrnges  is  iT.vee.  Fee  ’’-.Kure  16  wcere  ?!  change 
count''  shov.  "I. 

' • '  ’  -'TiU ' 'hiary  St^-.tist cs 

Following  'b  ■  Repair  Level  Dccisio.n  Details  summary,  sra'ir.ics  'or  the  model  are 
given.  Ph'cse  arc  shown  in  Figure  IS.  They  are  otitued  |ust  befere  the  Detailed 
Sensitivity  Bnalys  s.  They  are  self-cxolan.  tory  except  fot  SE  Cross  Reference  Sete. 
This  IS  the  number  of  Xs  which  aopear  m  rtifii,,,-.  ]  |,  Aiierttat.'.e'v  this  is  the  ri  imber  of 
wavs  LR'e  and  ?'lUs  re'a'm  to  SE.  "h*'  ‘timber  of  net'-vorf:  arcs  hstr?d  inr  :  jaes  the 
''r*h';rioriai  or  dumr  v  ires. 

3.17  '3e_f^' led  Sei"'  a_t ivi*'.  Analysis 

The  las*  NR.^A  output  gives  do'ailed  sensf.ivitv  ana'vsis-  '’he  LR'Us  .ire  -.rnhered 
sequentially  (Pigu  e  19).  For  oRlJs  b-.-rh  L'^fJs  .mu  .sRL's  n  nob-s-r'd  f'me  I'jm  19). 
The  alphabetic  li'  ing  below  has  rpit  'hiiie,  rjc.  labe'Cc  idi'n;  'i  cition  in  "^igures  '9  and 


c  »Y  s  t;  p  PPoL’ !  af  HrN  t'. 

NC.  OP  PP  17  PC.  CP  LPj'P  23  'O .  v,P  PAlLJPc  ‘3C0PS  33  NG .  OF  SP  U ' 


(a)  The  idertification  of  the  LIvlh  S'-?  v  h  u-- 

and  the  baseline  level  are  c^i'.  en  (Fip.  ire  Ih). 

(b)  Overall  (MTbF  q-  Costf  Rn-ntJe.  or  Cast)  fyan;’/*.  The  f.rst 

range  listed  represents  the  change  ff-om  The  base  hi  t*'e  c  a  •'  '  ri  '  .  w:*'-  the  i-ROM 
containing  the  base  val  io  and  tie-  TO  containaig  t‘ic  hn  't-  !■  s'C  - ••e  hrig  . 

the  lower  limit  represents  the  levet  it  whii  h  the  FRi".'  css  le  n,cd‘  and  ’h,. 
limit  at  which  the  TO  aeidision.  holds.  Tse  1%  (or  less)  ra,iiE“  be'v.ce!.  a'  Ov.er  md 
upper  limit  represents  t'ne  level  of  accuraev. 

(c)  If  S"  changes  occur  Ifie  total  value  of  ah  ST  used  at  tn-'  -  tc  TO 

levels  is  given  (see  Figure  19). 

(d)  If  SF  changes  occur,  these  are  listed  along  with  the  SE  codes  and  cost  of 
the  SE  involved,  'lie  Adds  and  Delet-'s  represent  the  change  in  couiDment  whn  or.cjrs 
between  the  FROM  and  TO  range. 

(e)  The  next  output  is  listed  in  two  groups,  LRUs  at  the  left  arid  SR  Us  at  the 
right.  The  SRUs  are  listed  adjacent  to  tie  related  LRU  failure  modes.  The  LRU 
identifier  is  given,  its  failur*'  percent  a'ld  tire  decision  change.  Only  items  which  change 
are  listed.  The  total  R  LA  lire  cycle  cosis/oase  at  e  given. 

(f)  If  no  decision  changes  take  place  over  a  range  a  message  stating  NO 
DECISION  CHANGES  is  printed.  This  message  can  or.iv  occur  between  the  baseline  and 
lower  limits  or  between  the  upper  limits  and  some  value  less  th.an  t  ie  upper  limit. 

If  It  is  desired  to  know  the  total  SE  or  LRL’/SR''  status  at  some  level,  it  would  be 
necessary  to  frac"  alJ  changes  from  the  baseline  case.  As  an  ex"eme  exarnple,  an  SE 
might  be  added  in  going  Irom  base  to  lower  limit  aiid  then  deleted  and  added  several 
times  as  the  cost  or  MTAF  increased.  These  changes  roupied  with  other  charges  m  SE 
would  have  to  be  traced  if  ...  total  SE  status  were  desired.  An  a'temative  woUid  be  to 
make  another  co(  pute.-r  '"un  a:  the  level  of  cost  or  MTA.n  that  t'e.  status  was  desired. 


:  1 


Exe‘:L;aon  Require, nent  a.~id  Error  Messa^e^, 

F.xecjtiop  Req'-H'-fnr^ents.  The  NRLA  Computer  program  was  written  m, 
FORTRAN  so  that  it  can.  be  adapted  to  ditferent  computer  hardware  and  software 
coniigurat.ons  wath  minimal  effort.  This  section  presents  information  about  data  arrays 
m  the  program,  so  thev  can  be  adjusted  for  individual  applications.  It  also  presents 
informarion  abou:  cata  flies  used  by  the  program. 

The  data  array  sizes  specified  when  be  program  is  corr. piled  determine  trie 
amount  ci  data  tnat  can  be  stored  and  used  oy  .he  orogrant.  Therefore,  for  different 
applications  with  different  ainount.i  of  support  eqaipmeiit  aitd  numbers  of  items,  the 
array  sizes  may  need  modifi.tation.  Any  size  changes  required  snould  be  made  in  the 
main  routine  of  tine  program  and  in  all  subrcatines.  Arrc.v  size  requirements  are 
described  as  a  functio,,  of  the  type  of  data  store  J  in  the  arrays. 

Support  Equipment.  Ail  arrays  in  the  labelled  commoti  areas  SEIN  ano  SLCOMP 
should  be  dimensioned  for  the  total  nu.mber  of  support  equipment  resource^  to  be 
considered  Dy  the  program.  The  program  variable  MAXSE  must  be  assigned  a  .alue 
equal  to  tne  size  of  the  arrays  so  that  it  can  be  used  to  prevent  array  overflow. 

LRUs.  Arrays  in  the  labelled  common  area  LRUDAT  are  used  to  store  LRl.'  input 
data.  Therefore,  thev  must  be  dimensioned  at  least  as  large  as  the  total  number  of 
different  LRUs  in  the  data  file.  The  value  assigned  to  the  variable  MAXLRU  is  used  to 
prevent  array  overflow.  Consequently,  u  should  be  set  equal  to  the  array  dimension 
size. 

LRL'  Failure  \iodes.  Fauure  mode  input  values  arc  siorec  ;n  tne  arrays  of  the 
common  area  LFMDAT  and  computed  values  are  stored  in  the  arrays  of  the  common 
area  FMCO.MP.  All  arrays  in  these  areas  should  be  d.mensioned  for  the  number  of 
failure  modes  in  tne  input  data  fi.es.  I.n  addition,  the  arrays  LDARC,  LSARC,  and 
L3ARC  m  The  common  area  .ARCPTR  should  be  <fimensioiied  for  failure  mode  data.  The 
value  of  variaole  M.AXLFM  is  used  to  prevent  array  overliow. 

SRU’s.  .Arrays  to  oe  dimensioned  for  5RU  input  values  are  in  SRUDAT  and  the 
a-rays  for  computed  values  are  m  SCOMP.  The  arrays  SDARC,  SS,3RC.  SBARC, 
SBSARC,  and  SP.DARC  in  the  common  area  ARCPTR  must  also  be  dimensioned  for 
storing  SRU  data.  The  variable  used  to  prevent  array  overflow  is  MAXSRU. 

SE  Cross  Reference.  The  arrays  used  to  store  SE  to  item  relationships  are 
contained  in  the  labelled  common  area  SEXD.BT.  The  mmirnum  size  requirement  for 
these  arrays  can  be  determined  by  summing  for  every  LRU  failure  mode  and  for  every 
SRU  the  number  of  SE  resources  utilized  for  item  repairs.  Two  variables,  MAXREF  and 
VfAXlTM,  are  used  to  prevent  arrav  overflow. 

Network  Nodes.  Data  related  to  the  network  riodes  is  stored  m  the  arrays  of  the 
common  area  NODDAT  with  the  variable  M.AXNOD  used  to  prevent  array  overflow. 
Tne  size  of  these  arrays  can  be  computed  as:  (2  +  No.  SE  +  2  (No.  LRU  failure  modes)  + 
2  (No.  SRUs)). 


Network  Arcs.  Data  reiate^t  :o  the  network  arcs  is  steed  :■  e  arrav'  of  thp 
common  area  AR  ZDAT  with  tlie  variable  V.AXARC  used  to  prevor-t  arrav  overflow. 
These  arrays  should  be  as  large  as  the  i;unnber  of  a’'cs  in  the  RLA  Network.  T'ns  size  is 
computed  as:  No.  SE  resout'ies  +  3  '.No.  LRIJ  failure  modes)  +  6  (No.  SRUs)  +  (No.  of  SE 
to  item  relationsh.p).  This  ;ast  factor  is  the  sarnc  as  the  SL/.e  requirement  for  SE  Cross 
Reference  arrays  described  above.  Two  of  the  arrays  ir,  ARCDAT,  FLOVl ,  ann  ^AVFLO, 
are  dimensioned  ftm  2  value.s  triore  than  the  other  arrays. 

Sensitivity  /.naiysis.  Data  .arrays  used  tor  sensitivity  analysis  informatinr  are 
contained  in  the  labelled  common  area  SENSIT.  The  arrays  LOST  AT  and  HISTAT  should 
be  dimensioned  tlie  saitie  as  tne  arrays  in  NODD.AT,  LOCAF,  HIC.AP,  LOFLOW,  and 
HIFLOW  should  be  dimensioned  the  same  as  the  arrays  in  ARCDAT.  The  first  dimension 
of  SADECL  shoulc:  match  the  size  of  the  arrays  in  LFMDAT.  The  first  dimension  of 
SADECS  should  m  tch  tiie  size  of  the  arrays  in  SRUDAT. 

A-  with  any  computer  program,  care  must  be  exercised  when  changing  the  sizes  of 
program  arrays  so  that  (U  sets  of  arrays  which  the  program  code  assumes  are  .31!  equal 
in  size  actually  are,  and  (2)  eacf:  array  has  the  same  dimensioned  size  in  each 
subroutine. 

The  NRLA  progr  tm  uses  eleven  different  da  a  files  curing  its  execution.  They  are 
referenced  as  file  codes  5,  A,  S,  10.  and  !3  through  19.  The  characteristics  of  these 
files  are  oresented  below  so  that  the  user  ''an  prepare  appropriate  file  definition  control 
cards. 


File  code  5  is  used  to  tnput  the  w'no!e>.ile  change  and  ®areto  change  factors. 

File  codes  6  and  8  are  used  for  program  output  print  files.  .Each  output  record  is 
written  with  a  printer  carriage  control  characte'  and  is  no  longer  than.  132  characters. 

File  code  10  ;s  use-d  for  the  input  dat-a  'lie,  as  previously  cescribed. 

File  codes  1 3  and  are  used  during  sensitivity  analysis  for  temoorary  storage  of 
network  node  and  arc  data.  Each  file  is  accessed  as  a  random  access  file  and  contains 
only  numeric  into  matio.:  written  as  binarv  values.  Ecmh.  record  on  tile  13  contains  3 
values  plus  1  value-  for  each  node  of  the  'tetvork.  Tlse  “ocords  on  f;!e  1^  contain  a  value 
for  each  arc  of  the  RLA  network.  Each  'ile  is  usee,  essentially,  as  a  "pus^-down  stack" 
for  data.  The  maximum  depth  required  for  the  stack  is  denc'nder'.t  on  the  cegree  of 
decision  sensitivitv  fo^  the  input  file.  It  is  unlikelv  to  eyr  eed  'CO  records  per  file. 

File  codes  5  and  16  .als.n  coit-cin  --'nlv  nt'ne''i-  information  written  as  binary 
values  to  random  access  fil'-s.  FOe  1 f  O'. tains  one  '■•»cor.d.  with  24  values,  tor  eacn 
LRL  tai'ure  mode,  '^or  each  .''R'*  .a  te ‘  arc  -jf  26  value,  ■'  written  to  tile  code  16, 

File  codes  17,  l-S,  am.  19  at'  used  tor  temporary  storage  of  sensitivity  analvsis 
results.  The  file-,  arc  Vitiee  and  litci  read  using  seque-’i'.,j'  ac  cess  I/O  remmands. 
Each  record  con  ams  'I  num.erc'  v.i!..cs  wrif.en  c;  "vn.ary  t'.'.i  m.jr.  Although  the 
maximum  file  spa  e  -enu.red  s  .deoen-  e-.t  on  -.he  degr-.e  e‘  -.iec isa.n  sensitivitv  for  the 

input  flic  a  rougf  estimate  ei  be  n  ‘Co.  For  :i’'.'d  19  *he  nu;  ihor  o.  records 

written  will  norm  illy  he  I^-s  'i’ar  (-  (No.  LR'  .'s)  -  2  'No.  LRL'  f  idurc  Modes)  .  For 

file  1.8  the  nurnhe  of  ref  or d--  w^'.rter.  v.'iL  normally  be  icss  'ha-  '*  ri-ncs  'he  n  imber  of 

SRUs  plus  2  tirnos  t'm  •lumje-  ,  ;  LRU  ladun,'  medos. 


One  ocher  exenmon  reieted  require. nent  exists  lor  the  NRLA  program.  A  call  is 
executed  to  a  software  supplied  subroutine  named  DATE  to  obtain  the  current  date  as  a 
six  digit  integer  m  the  form  YYMMDD.  The  subrc'Utine  name  may  have  to  be  changed, 
as  appropriate,  or  the  CALL  may  have  to  be  replaced  with  a  READ  instruction  if  the 
current  date  is  not  readily  available  to  a  FORTRAN  program. 

4.2  Error  Message  Explanations 

1.  VALUE  OF  OS  4  0  OR:5,100% _ TERMINATE 

Percent  of  force  OS  is  not  feasible.  !t  is  less  than  096  or  greater  than  100%. 
Prograrr.  terminates. 

2.  INVALID  ENTRY  FOR  SENSITIVITY _ VALUE  SET  TO  0. 

Entry  is  5  or  greater.  Only  0,  I,  2,  3,  or  4  are  valid  entries. 

3.  INVALID  ENTRY  FOR  SENSITIVITY  LOVt'ER  BOUND  VALUE__  . 

SENSITIVITY  TYPE  SL~  TO  0. 

The  low'er  sensitivity  bound  has  been  entered  as  less  than  0.0  or  greater  than 
1.0.  No  sensitivity  will  be  performed. 

4.  INVALID  ENTRY  FOR  SENSITIVITY  UPPER  BOUND  VALUE_  . 

SENSITIVITY  TYPE  SET  TO  0. 

The  upper  sensitivity  ixiund  has  been  entered  as  less  than  .9999.  No 
sensitivity  will  be  performed. 

5.  INVALID  ENTRY  FOR  SENSITIVITY  QUANTITY.  SENSITIVITY  TYPE  SET 

TOO. 


When  determining  whether  "Extremes  Only"  or  "Complete"  sensitivity  only  0 
and  1  are  valid  entries. 

6.  OUT  OF  SPACE  FOR _ DATA 

Record _ ignored-  Terminate. 

Out  of  space  for  LRU,  SRU,  or  SE  Data.  Redimension  in  order  to  run. 

7.  EXPECTING  SE  DATA  OR  99  BUT  FOUND _ .  TERMINATE 

Either  invalid  data  was  entered  or  a  99  separator  card  is  missing  after  the 

SE  Data. 

8.  SE  DATA  CARDS  NOT  IN  ASCENDING  ORDER. 

Column  2  of  SE  Data  entry  record  must  be  in  ascending  order. 

9.  EXPECTING  LRU  DATA  CARD  OR  99,  BUT  FOUND 
TERMINATE 

Either  invalid  data  was  entered  or  a  99  separator  card  is  missing  after  the 


LRU  Data. 


10.  IDENT 


HAS  RIP <n  OR  ^  1. 00 


RIP  r _ TERMINATE 

The  LR'J  identified  has  less  than  0%  or  more  than  100%  repaired  m  place. 
Run  terminated. 

1 1.  CANNOT  FIND  DATA  FOR _ _ _ .  RUN  TERMINATED. 

SE  resource  cross  reference,  data  card  8,  contains  LRUs,  LRU  failure  modes 
or  SRUs  which  are  not  listed  in  LRU,  LRU  failure  mode  or  SRU  data  records. 

12.  2  SE  RECORDS  GIVEN  FOR _ .2d  IS _ TERMINATE 

Duplicate  SE  cross  reference  card  type  8  have  been  entered. 

13.  CANNOT  FIND  SE _  FROM  RECORD _ .  TERMINATE 

SE  cross  reference  card  calls  for  an  SE  not  listed  on  SE  data  card. 

14.  OUT  OF  SPACE  FOR  SE  CROSS  REFERENCE  _ .  STOP  AT 

_ .  TERMINATE. 

SE  cross  reference  card  not  dimensioned  large  enough. 

15.  _ RECORD  INDICATES _ SE  RESOURCES  REQUIRED  BUT _ WERE 

ON  THE  SE  DATA  RECORD. 

The  count  of  SE  required  on  the  LRU  data  record  does  not  match  the  count 
on  the  SE  cross  reference. 

16.  CANNOT  FIND  LRU  BASIC  DATA  FOR _ .  TERMINATE. 

For  an  LRU  failure  mode  no  corresponding  LRI.'  was  entered.  For  a  card 
type  6  no  correspo’'.ding  card  type  5  data  was  found. 

!7.  LRU  F  MLURE  MODE  RECORD _ OUT  OF  PL  ACE  TERMINATE 

Al!  type  6  cards  were  not  entered  together.  Run  terminated. 

18.  TOTAL  OF  FAILURE  PERCENTS^  1.0  FOR _ .  TERMINATE. 

Failure  percents  for  the  failure  modes  of  the  LRU  total  to  more  than  100%. 

19.  IMPROPER  SPECIFICATION  OF  DECISION  OVERRIDE  VALUES  FOR  _ . 

ALL  THREE  VAH  ES  SET  TO  0. 

Input  data  excluded  all  repair  level  options.  At  mnst  two  of  them  mav  be 
excluded.  All  exccjsions  .ire  deleted  ‘or  this  item  and  the  -,jn  is  continued. 

20.  NOT  ENOUGH  SPACE  FOR  SRU  DATA  .  TERMINATE 


Insufficient  s;:)  ice  was  dimensioned  for  SRU  data.  Run  terminates. 


21.  CANNOT  FIND  LRC  FA'.Ll  IRT  MOnh  FOR 


.  TERMINATE 


An  SRU  \»,as  listed  with  the  SRL)  tor  which  there  is  no  LRU  tdilure 
mode  data  record.  Card  type  7  had  no  matching  tvpe  6  card. 

22.  INCONSISTENT  LRU  AND  SRU  DECISION  OVERRIDE  VALUES  FOR  _ . 

SRU  VALUES  SET  TO  0. 

Tile  repair  level  exclusions  are  inconsistent.  The  SRlj  was  forced  to  base 
while  the  LRU  was  forced  out  of  base  causing  undesireable  repair  level  selections.  SRU 
exclusions  are  deleted  and  the  run  is  continued. 

23.  SE  DATA  NOT  FOUND  FOR _ .  -'ERMINATE 

LRU  data  card  5  showed  that  SE  is  required  but  no  type  8,  SE  cross 
reference  card  was  found. 

24.  OUT  OF  SPACE  FOR  SE  CROSS  REFERENCE  AT _ _ . 

TERMINATE 

SE  cross  reference  arrays  are  dimensioned  too  small.  Run  terminated. 

25.  ,SE  DATA  NOT  FOUND  FOR _ TERMINATE 

LRU  failure  mode  card  6  calls  for  SE  but  no  corresponding  type  S  card  was 

found. 

26.  THE  IS  NOT  USED  BY  ANY  LRU  OR  SRU. 


The  indicated  SE  is  not  used  by  any  LRU,  SRU,  LRU  failure  mode. 

27.  CANNOT  FIND  PROPER  ARC 


Probable  program  dimension  error.  See  especially  arrays  FLOW  and 
5AVFLO  in  subroutine  MAXFLO.  The  arrys  FLOW  and  SAVFLO  must  be  dimensioned 
exactly  2  higher  than  the  dimension  of  MAXARC.  See  also  Program  Array  Dimensions, 
Appendix  B  of  NRLA  Programmer's  Guide. 

28.  CASE  7  ERROR. 

The  model  selectea  an  inconsistent  decision  (LRU  scrap  and  SRU  depot). 
See  also  section  3.7,  LRU  and  SRU  Repair  Level  Decisions. 


(This  page  purposely  blank) 
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5.  iJbcr  b- 1 '.n^  ^na  Ari.wt  r'. 

'.1  inTt'.^duf  ii.~‘  '■  T '.e  pLimubi,-  this  pap'.'  ‘s  p.'ovirlc-  t'v-  i  i‘.  user 

.(  f  "ir  tio'1  's'lch  •m.,',  he  i.elpiui  lot  rt.  K'‘jrtiri{'  rep-ur  l«  vei  a.,<uv'e^  .s.:  >  'he  \rLA 
model,  hone  o;  the  :riati*ridi  expaods  and  r'aril.  -s  uu'omar.oii  iror..  cAewheri’  i’  Tfi''- 
\RL  A  li'C-'s  Guide.  Otner  r.iateria'  provides  insp;'iT  ,ntc  novi,  ’.tit  n.crtei  oper.ires  s^ 
that  the  user  can  lully  unot.-rstana  and  utilize  its  special  ftatures. 

h.2  NRLA  Output  Report.  As  a  f..'st  st  p  ai  perlori.iii.g  analysis  ur.u  the 
NRLA  nodei,  the  user  should  run  thie  program  vi  h  test  data  urn,;  ensure  that  the  results 
are  arcu-ate.  (Test  data  and  a  sample  .ji  oitpui  using  trie  data  are  nrovided  oy 
.AFAlC/.KRS  with  the  computer  program.)  !,■,  ■  loikiwing,  page  nu  nhe'’  refer  to  the 

sample  output  and  ligure  numbers  refer  to  tins  g  ..de. 

Tne  user  should  tiien  jointly  review  he  input  d^'.i  and  output  report  to  become 
familiar  with  where  the  input  data  is  "echoed''  tor  verilication.  In  adniti  ..t,  the  .isei 
should  be  certai  i  ne  understands  all  of  the  output  information  sO  t'lat  items  oi  intcre.it 
c.an  be  easily  .-,nd  quicisly  located.  The  review  of  the  output  report  may  gon^-ate  some 
questions.  Fc.'  exam;.'le.’ 

a.  Pages  A  "iO  (Figures  K  anc  i  h)  siiow  tne  "hR..I  A  SRll  Repair  love. 
Decisions"  and  have  columns  labeled  "input  MTdF"  and  ".MTB  Repair."  Precisely  vi.'.ha’. 
do  tiiese  numi-ers  represent? 

A  vjiue  appears  i.i  the  Input  V1TAF  coiumn  for  each  LRLI  and  it  is  tne  V1TBF 
value  from  the  LRU  Data  Record.  Immediatelv  to  the  right  is  the  MTB  Repair  v.iiuc.  It 
represents  uodifying  thie  Input  MTBF  to  account  tor  organizat-onal  level  (or  on- 
equipment)  maintenance.  It  is  calculated  by  dividing  the  Input  MTBF  bv  1.  minus  the 
LRU's  repair-in-place  fraction.  For  an  LRU  with  MTBF  •-  2500  hours  and  a  repair-in- 
place  traction  =  0.1,  the  MTB  Repa.r  would  oe  277S  hours  (..e.,  2500/(1.  -  0.1)  ).  Beloa 
the  MTB  Repair  value  for  the  LRU  are  the  corresponding  MTB  Repair  values  lo-  each  of 
Its  failure  modes.  These  values  ar-e  calculated  by  dividing  The  LRU's  MTB  Repair  by 
e...:h  failure  n-iode  f.aCuon  (from  the  LRU's  failure  mode  data  recsirds).  I~  ir  tm-  abo'  e 
exam, pie,  a  lailuro  mode  which  represents  33%  of  the  oif-equipment  repairs  has  an 
effective  ViTB  Repair  of  (2778/. 33)  -  8418  hours.  If  this  particular  lailure  hiot.e  has  ac 
■SRU  associated  with  it,  the  implication  is  that  the  LRU  needs  repair  because  o;  a:.  SRI 
laikire  and  that  the  SRU's  MTB  Repair  is  8418  hours.  Tnus,  the  output  reiiort  shows  cie 
SRU  failure  r.ites  imp,.ed  by  the  LRU  MTBF  and  the  failure  mode  fractions. 

b.  Starting  on  Page  50  (Figures  1  5d  and  e)  is  the  section  titled,  "Repair  Level 

Decision  Details."  It  lists  input  values  and  the  compuicd  cc.sts  for  each  LRU  faiUire 

mode  and  each  SRU.  V/hy  does  the  cost  element  "SE  AC.Q.  A  MAIM."  nan 
entered  in  botn  the  depot  and  .ntermediatc  columns'’ 

Tne  cost  tor  support  equipment  acquisition  and  ma.nte.nance  is  oltcn  critic.;, 
lor  determining  repair  levels  which  minirniz.e  tot,.;  cost.  In  \'RLA  these  SE  costs  are 
computed  but  riot  proriited  to  lud.vidijdl  LRUB  and  .SRUs.  Uonsequent; y,  t'.ere  ,s  no 
jperiiic  iixed  amount  to  he  added  with  the  oiher  costs  which  are  directly  attributable 
to  a  failure  moce  or  SRU.  The  '»»«'  entry  is  included  lo  remind  the  user  that  tlie  SL 

costs  are  .camuated  fo'  and  do  affect  the  optimal  dermons.  (The  absence  of  the 

'•uppert  eci.j.pment  costs  e<piains  why  tfie  column  tvital  tor  a  •mnasptin,al  her  ,^,o■l  inav 
be  lower  t.'  an  the  c.i.umn  tot.il  for  the  optimal  decision.) 


hi 


c.  The  COS’’  element  "Item  Entrv"  has  values  lU  "le  •.■'no-  I's'  ir/.-” 

columns  but  not  m  the  scrap  •'o'ui'mi.  An  LKT'  will  have  ..cm  '•■■.•.rv  eve  -  A  a  ... 

disearded  when  it  fails,  so  shoulrln't  there  be  at-  eint  v  '^he  \/l'  e.i 

No.  It  ‘s  true  that  an  LRL’  wii!  have  item  entrv  os's  res,',ard!ess  ot  .'.hi  ''-  I’t 
the  three  repair  level  der  isions  is  chosen.  Hjwever,  r',  <,  rest  r-a  la!  fee  hi  •‘.’•c,. 
choices  and  is  ignored.  The  cost  entries  i/'  the  dcnc  n-n:  i*,-  ■  i-  ja  - 

represent  the  itn..,  entry  costs  for  new  pi'Te-parts  .m  '  i*  ..fn,h!  laciu: '  er  'a'  _  c> ' 
repair.  Thus,  tliev  are  item  entry  costs  wh;cn  are  ’•ii'i,r">ci  .f  d'e  L'v!  .s  r,^p  crec.  a- 

depot  or  interrned  ate  level,  but  are  not  meur-ed  :f  tha  LRh  is  (hsr  ..•  dad  w  Ce.  a  '  .  A,, 

Similarly,  the  "Rem  Entry"  costs  pertinent  '"or  the  SRI'  repair  .e\  C  c'ecissn  i  ,  ar  c  tin- 
item  entry  costs  f''r  the  piece-parts  arid  assemblies  required  for  SR’’  repa:'.  lt-  ;r,  ent'v 
costs  for  the  SRff  itself  arc  a  "wash"  across  its  three  decisions.  (The  SR.l.''s  :t"  'n  -r-ntrv 
cost  is  aca'ounted  for  by  co'intmg  the  SRI'  as  orre  of  the  new  parts  reqaircp  Li'!' 
failure  mode  repai' .) 

d.  Page  .50  (Figure  1  5e)  shows  input  values,  nd  cernputed  costs  for  an  SI'i.L  W^sy 
are  some  costs  flagged  with  a  '//’’i’ 

Certain  SRU  related  costs  .iin-  incurred  if  the  assor-iated  '..Rl'  hpp  jre  y, 
repaired  at  intermediate  level,  bur  not  if  the  LRV.'  is  rf.p^ired  at  depot  level  or  is 
discarded.  The  5PU  costs  which  are  conditional  on  the  LRV  dccisior:  are  fagged  with  a 
'if'. 

Packing  and  Shipping  costs  are  an  i-xample.  If  the  ontiir.a!  L'^L  demsicc 
intermediate  level  repair,  but  the  optima!  SRV  decision  is  depot  repair,  then  the  faile" 
SRLl  must  be  shipped  to  tfie  depot  for  repair  and  serviceable  SR  Vs  returned  to  nase 
level  supply.  Simdarly.  if  t’m  LRV  is  repaired  at  intermi-d'a.'r  'eve'  and  th  sc'i; 
discarded,  then  replacement  SRVs  must  be  sliipjted  from  I'le  dmj.v*.  Conver.H’  v.  T 
LRU  is  repaired  a‘  depot  level,  theii  there  will  bc'  no  specific  '■.isi  for  slapping  the  SR' 
to  the  depot  (the  cost  is  part  of  the  LRl'  pacKing  and  shipping  cosf  and  •'n-i-o  o  n..- 
requirement  to  slim  servit  eable  SRVs  to  base  level  supply. 

The  SR!J  "Base  Spares  Level"  costs  fl.agged  wit'i  ■,  ■//'  ,k  co-,  ;t  •  ir  tgr 
serviceable  spares  in  the  depot  to  base  order -.md-shipping  tune  pipe!, re.  Vn  i ,,  'hev  ..:c 
costs  incurred  if  the  LRV  failure  inode  is  rcoaired  at  base  '•■-'ve!  leiuvcu’  a" 
replacing  the  failed  SRV  and  tiiat  ST  V  is  riot  repair-.'!.!  at  Pise  ;r"e!  'i.e..  cg-i'  gepo* 
repaired  o-  .iiscanied). 

The  "Deoot  Spares  Level"  cost  for  an  '-RV  has  a  'if  be  ause  c  r  vm-,  to- 
the  depot  repair  pioelme  a.ssets.  .^s  abovn,  tpis  pineline  of  un-.n,  viC'-a'iln  htf'  ....se- 
will  mily  exist  if  t'  e  LiV  '  is  nter  nedL.t:'  'cvel  reoaireo  a.-'d.  the  liVi'  is  deDet 

As  a  ‘r  a;  (  .'mrn.nn' .  wh.-n  ST”.'  ri-lated  (osis  lire  t'a-r’-  is  .-C’,  ‘  c 

"Pa(  k,ng  a'i!‘  Sh.niing"  and  fo'  "B-.ise  Soares  Level"  in  the  IXTE'’  column.  "  'o.e  c.'  no' 
have  the  'd'  bf-  ,  .se  thev  a'i»  aiwuvs  ini'urred  it  t  ie  SRl..'  |t  rep. t, rep  u'  i 
lev  'i  (;t'  r!iis  case  '  h'c  LR'  decis-  w  il  \!mi  bt'  interm'.  di.at!-  'ev<'  ' 'v  n.u.  ki'u’, 

ind  shipping  cost  ici  ounfs  for  the  shipp.ng  of  SRV  repa'r  parts  -o’"  he;vi  m  h-uv 
suppiv,  anri  tfie  b.'se  s.n.ires  .('vel  a<  counts  for  unservh  e,:.b'e  'sR' '  .ewts  ‘he  '.i.ise 

repair  pipe'iee. 


(' 


e.  Tor  ^-acr'.  r.acie  ina  Si  i.  t;  .'ogistics  r.')^,i  c-a-rnen;  i  ■  i  .o-'i. 

to.’eThe'-.  11  LniS  scrr.  lor  a  a ji'.-op:;'r.a:  decs  an  chc.-ce  is  aJose  io  ;ne  hu  ',  l.>r  ir..- 
op'-.rr.ai  c.eCiSion,  coos  tr.at  i.K^an  iriat  tii-.*  daclsion  .s  ali.ios,  as  a 

cnoice? 

No.  it  mast  be  rerr.emDerfQ  uiQi  ihe  toiai.s  do  not  iii  lude  SLi|ipo:t  '  it 

costs  and  those  "osts  car,  be  verv  signilicant  ;r.  caterrninlng  the  tct.-Tia;  cr.oice.  To 
deter .'njnt  tie  c-ia''r,Oi.uc  irnoviCt  ol  .:,e  non-;otit  ,01  ceci-ion,  i";  ■.vcald  ot  ne  c-ssa^v  to 
rerurt  the  j-.'Ogram  usifig  the  ’forciig'  capability  to  exclude  thi-  otrier  t.o  rie-asion 
rdit  ;.ces. 

‘^ISlA  Inqijd  ISata  Fc'e.  Havinc  ot.a.r.ec  a  gOii  .i  ..orKin,  '■  no ..  :e  .  ol  toe 
program's  iiioui  and  output,  the  user  should  be  reacv'  to  pr-epare  a  w  Catc  iiie. 

Th(  first  ttiree  ,:ards  of  data  ;:ro\  ide  the  program  a'eapoc  la's:  ,1  .,t:!i^ation 

inlormation,  mainterionce  system  factors,  and  support  syste'Ti  lactors.  ,  -  -'.e  data 
elements  are  ge,-'erally  obtaireo  Iroir,  a.td.'or  approved  bv ,  the  aporop''  'e  ,  Foree 
program  offme.  (Maintenance  syst^ni  and  supply  system  factors  can  be  fc  jitc  tFLC 
Pamphlet  173- ''J,  ''AFI.C  Cost  and  Planning  Factors."; 

5.3.1  "‘he  riext  group  of  input  dat.i  recorcs  conta.r:  .nforrnat.or  aooct  s cp.tort 
equipment  (bFl)  rcS'urces  required  for  the  repair  c*  one  or  nore  LRLs  ana, 'or  SRCi,. 
Questions  which  ('ouid  arise  aoo  it  these  recorcs  incude: 

a.  .Since  sophisticated,  muitipumosv  scopo't  equ.pn.en,:  it. ay  nf'ec,  tc  Pe 
portrayed  .is  r,  uitiOie  resources  (rete'ence  the  ‘^c  discussion  in  Section  2.2  of  tf  r,  '  'ler's 
Guide),  d.-,e^  that  mean  it  is  necessary  to  scpar^telv  loentilv  e.-icbi  and  everv  support 
equipment  item? 

.No,  not  .ecessaruy.  bopc.ist.,  ate.:  uvi.t,pu' pose  s uppo.'t  eqii.p-nen: 
should  00  portrayed  .iS  a  basiC  imit  plus  adebtiona.  hardware  and, 'or  scfttsarc  so  •  u.it  r',e 
bas.c  u,hit  and  the  'add-ons'  can  be  eco,n,omically  ;udged  according  to  iiu'  capabiiities 
they  provide.  ,A  different  situation  exists  in  which,  ,,uppo,"t  epiupment  itcns  whic  ate 
obviously  separate  .ind  distinct  can  be  iuinped  together  for  anaivt,,-  convenionce. 
Specif, caiiy,  if  a  group  of  support  equipment  items  (e.g.,  ,'iand  tools,  or  electronic 
deviccj-  or  jorn.,-  ccmbinat.-tn  of  things',  is  always  used  toget.uer  thei  there  ,s  .no 
compelling  reason  to  identify  the  itnrns  individually.  This  situation  is  different  tha'  f^e 
nr lor  one  Because  tne  inrliviaua.  support  eq,jipmient  items  Can  be  vieweci  as  pros  iding 
repair  capability  only  if  all  items  in  the  gr  ujp  are  purchased. 

n  addition  to  the  convenience  of  grouping  support  equip, merit  items, 
thei-e  .s  or,  implication  f  x’  toe  program's  e.ver  jtion  time.  This  time  s  a  iiire  t  function 
of  the  .Cwi’.ber  of  .jrcs  the  RLA  network.  Thertfoie,  seme  exei  utum  i.mt  rvcUn  t:on 
Ml,  occur  because  tne  c,r,juping  of  SE  items  reo  ices  the  number  of  networc  arms. 

b.  When  develooing  be  suoport  equip, oert  .fata  recoras,  how  does  The 
program  reco.gni.re  that  a,':  bE  resource  could  be  purchased  for  use  at  depot,  or 
intermediate,  or  at  both  levels? 

There  is  no  specific  "code"  fi)r  this  situation,  it  is  ncces';,,rv  to  have 
•wo  oE  data  riTords,  Oine  for  depot  and  one  fo'  intermediate.  The  program  will  then 
econc,r,ically  determine  if  one,  both,  or  none  should  be  purchased. 


On  tf  '’  SL  difa  rerv^cd,  tiie  value  lor  ’'Opera  ro-  t  /V  e,:-"  .  j  are  ro 

account  for  the  opt 'ating  aitd  inc-.intenan-'e  cost  fo''  elec  ■'ro-ne  S'l.  "epr.'pr  •rii  n:ng  o! 
software  for  elecrtr  atic  hE  is  aEo  a  rnainttsHinre  cost,  '^■ow  -  an  if  >  '  •••  ; 

There  are  two  wavs.  The  sine  da  a  ve'je.  ''Ope' at erp  CoC  Ve  ea;;  he 
used  to  accourit  for  antirtipated  reproera'f’fe'no  I'osf-..  Toe  .oi  ■-.ara-i'.  js's  the  e'.aeg 
Cost/Year"  to  cot- jute  an  a'lnoa'  'eri: 'tefKetre  ae  '  injaa  ;1':‘  he-  r,,  si  bv 

number  years  in  the  life  cycle.  ,‘\i' ereattvcl /,  t'  e  sF.  .e'c  j".,  th„''i  .  i : w.,  '  h'  s-atO'd 
with  the  are icipate  ;  pte  cvche  reo'-og-'amfuing  -'os'  a ’-e.tcy  i','r!‘'d  and  t  e  onet'a'cr  p 
cost  ra'io  set  to  /e  o  to  avoir*  dupi.ca:  ^  ''ount-.ng. 

s  t'  e  \RL.T  -tjta  'ontah-'S 
u'e'''a;r!;i'w  ■x  •  ."o  :  '  o'-'ejr 

a.  V,  hy  doesn't  tne  LR,'h  oata  record  h'.ivf  .t  da*a  f:'.  id  tc  t'  e  \:.  T‘-  rate 
(Not  Reparable  Tpi  Statlo’  •'at^l? 

''ae'r  .■  "o  data  field  lor  \RTS,  because  it  can  be  jrsued  tnat  at  the 
time  'SIRlA  Is  r'aei  ;s  no  ARTS  rate  -  ttie  oarocsf'  o*  \R!,A  s  .v  e-ononii': 

eons' ''er  at  sons  ‘o  Tip  cet'.'  'nioe  the  NRTb  rate.  Tpis  is  cone  bs  'Ct-.'-is'de-:-.,!!  e,(  'ai’iji'e 
modes  ;  .w  'he  h!ilb.'  a'id  the  .  osts  f'or  t’u:  reoa.'  ait-'rodtives. 

T  t  ■  a  "i:'V'in','  cost  S'jlution  the  m' 'dei  cvi'd  beter'n.rie  "hat  a!i 
fadu'-o  modes  far  an  LRh'  shtv.nd  ne  repai'ac  at  ntermca'icde  ieteu  T^'is  i'■t'p!ie^  a  /.e- o 
■'•RTS  rate.  Clonvc'seiv,  m.e  n'che!  acid  rctorn'T  enc.  '.l  a;  'iii  .,RL1  tad'jres  should  be 
repaireu  at  depot,  t'RTS  "hO'A':  o:  t  c.ould  re. o'cnenc  eombii  it'.on  of  intermediate 
.‘.nd  depot  repair.  In  tie  hc-f-  -p,e  \RTS  r^.ae  is  ■!,.',,rrr‘r:c‘<.i  by  smri'r'i.ng  the 

Failure  Mode  F’^act  m  cm'-it  ‘'.sr  ri.c  'hi.nu'e  ■toc’C'f  asslg'ied  to  depoi.  i’l'te'  "opai''. 

b.  5  nee  a  .'-IRTS  rate  .s  not  specif'eth  w*a'.t  shou!.,'  bo  coite  to  Indicate 

'hat  some  LR'..'  eoati's  w:  ;  be  '’■''svorid  t'vo  (  ,'.ptm;';ty  fo*'  n-'untotiance  -it  the 
intermediate  level'  '^poci:  '  ■.ilv.  wta'  car  oe  dc'-s  'of  'ad  n  ccjs  tm-  whh  'i  sofnf 

'osource  (e.g.,  ski  ,  tvo'-h,  ■•..'x.  'l  level,  'ac.htv.  '..te.'  ■oG.!;f*e'  '’a,-  r'le  repair  ;S  not 
ava.uable  at  m;erm  (’;a!o  !'•>/.  m 

■"iRLA  n.indles  tf".  situat  v\  nv  proviring  c..ta  fiel-.is  sv'!  die  failure 
mode  records  (..tnd  SHF'  re:o:dr>)  whjr;h  allow  the  use:  m-  torclD'v  ex<:,ude  any  c.iie,  or 
two,  ol  tt'f  ih'O'--  .mn.io  -  altr’-.'mli VOS.  A  i'  i'l  toc  cma  fieio  ^  auses  dfe  pi'opram  to 
'gnore  'he  ::oeip'jtP'i  tosf  for  a  t'eris  'in  aiternat'.v  '  an.f  rer.l  nit''  a.n  ev. tro-ne's 

large  cost  value.  his  iai  ge  v.ilue  a.-fires  that  the  alte-na'  .'a  wh'  w;  he  na’"  cf  'hf 
least  cost  soluths’i. 


‘f.d.?  \RTh  Rate,  '"odowina  the  sp  da'a  ■.ecoed 
the  'aRI.',  LR'c'  A- d  i'"  made,  and  I'R''  data  record--.  ' 
here  include: 


At  t  Stine  time,  '  'e  ot'ter  failure  modes  nr-  iir!res''‘icTc“d  for 
Assignment  of  t  re:  im  h  v  -i  d-.'C  si;-i;  h,.'vi'v?r.  tsat  .  asmn'"  ne  -nav  well  br  .Mfir  tt  h  bv 
'he  forced  dfcisiof  .  '~'^.s  w'curs  bee.,  ise  ‘orC'.nr  >  n'j.<'r  t^,  dei.'o*  '.jr  tc-  o-i.'i'  I'  ve!) 
imoF-.i'-ly  femes  t'le  m  lusion  of  Sjnp'-‘  ccoi  ■■  c.  '  ,■ 'cru  "cd  I."  r'-'e  repair. 
Consequeot  A ,  t'le  .uppi.t’'  •■cuii.a-  f"  '  bee  m-"  i  i  'sui’-.  'asm  a.  icfas  of  the  et  onc-mic 
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7:  r  >R!.;  •  shoLild  3',  r  ■  ava  .ut/d  :f  ne  SIR  ib  .a'r.af,'G  i:' 

;r  ,  dita  f'.'’.  ■'iv'ifM  '.le  .SR.'  :s  are.er.',  .  cost  asso.' -vv  t''.  'ts  rec.'o: '.'riei'ineG 
bji'  \v:!;  o.,'  a  proDr.itelv  c.  inci.ic.ai!  the  SRI,  ur.ii  :ost  is  pa:  t  .r 

:'eaa,'  <a)M  .  ;'oae->  7t.;[  S.v'  ib  iian -ropa-ahiC.  This  aiav  aist-jr;  tee 

.ijuvc.  ;  tr.:)  tor  the  repair  aec.iron  alternatives  ...r,.;  prod  ice  erroccoi's  ana, 'or  .ho.p.ca: 
rr  s  .  :f.. 

s.5.a  ...]F'‘.hc  a'j.r:  SI'S..  The  LRR  and  LRl  tadarc  rr.orie  dat,.  record'  ase  t:".e 

c  C, or, oral  Parpos.-:'  SL"  ma  Special  Purpose  St.  r'cactiv  how  an-  thcv 

The  I7tc‘rence  related  .core  to  toe  LRl  its.'!!  titan  to  the  S...  In 
.  'v’-'l.'  't.'ii  .'t.nop.^i  of  vio.ii*’ .;i  piirp^s^e  SL  could  o<'  a  eo.rTiplex  oit'.'trori.c 

.,  ■'.'St  ..  g-i.'-o  to  lianGiC  .  na.nher  of  different  LRl  s.  or  it  coiild  bo  a  peculiarlv 

s  '.od  or  j.  p.-'  .  ha-;('  .'ool  (e.g.,  '.vrench  or  t,crt*w.  dr. vo'r)  aprd. cable  to  only  oite  LRl  .  An 
St  ,to  n  r.'ii(j-''r''rl  'o  be  Ge.neial  rnrjtc,.-.e,  in  relation  to  a  ix.rticul.ir  LRU.  it  it  is 

1  fo  'c  R  L.  .-(■p.nr  a  tl;  t  acr,  and  .  .icry  ..i.l.jre  'T.ode  of  'i'.o  L  P  LL  Clener.i.  Purpose 
iTic  ans  :  ,at  the  'nt  used  for  each  f.tilure  mode  o'  a  [particular  LRLL  There  .s  no 
c  s,  a'. on  .tr  '■.ns tr.r  *  or:  c.n  capability  fa  peculiar  '.vrench  or  ■  sobhisticated  test  set)  or 
o  ',  apn's  abilif.  .o  o'.ner  L  1' Us  a.'.d.'oi  .SRUs. 


'he  ler 'iiinoiog'.  5po<:i;il  Purpos.’  Sh  i-,,  .:  .i  r  ^  ■c^‘,.r  r  ■ 

which  iff  reqiiirec  for  o  '.o  o"  core  friii  r'''  rnoce*  hP'  '.  he:  ec*  ’•'^c cc  -c  'or 

and  every  {aL!.,.re  node  rt  ‘'ir  hRi  '.  aga:n,  v-tv  verse  "o  :e  r-  -  C' 

wrencti  or  a  sophivheated  test  it*  •  can  ho  ^  lasefied  rr  S,>:'  :.ii  d  ■■■  ■  •  -r  •  . 

.rnpliCation  abont  ipphca'oi'itv  as  oviier  h'J.h's  ard/or  '’'’r':.  ,  a.  '.r;joso  , 

the  term  chose-'  t  >  designate  Sli.  whica  o.  required  hv  onr-  r-'  -r  o--'.  ij.t  '.a-  i'  .  •; 
modes  of  an  Lr^.1'. 

Jsing  this  term-inc!og\ ,  il  is  bot'i  ''asv  rinc  '  ■  .  -isiste-r  for  a 

specific  SE  item  to  be  botn  Ge' f'ral  Purpos..-  and  spei'iod  r m  ;;oS' ■.  \r\  Sf  .'e-  ':  -ra-  3<‘ 

General  ParDO-'O  'oith  resoe-'t  o-re  LRc'  f  it  jso,-  c,;-  ....  r.  ^  ;  jr..  r,,-..- o  -'lo 
LK',',  a.nc  aiso  he  ;  .seciai  •'.■raose  wif-  '..s-mcr  ‘_n  a  '  LR'  .;o''.io'.c  ;  .s  n.;-t  ,'so.d  fee 

eve-v  -faiiare  mc'de  of  Mat  LPty. 

5.3.b  _R  L'  ■  S'r~  l./S'c  Reiat!  OPS  hips.  The  fi'id!  set  oi  data:  -"ecerds  in,  the  \RL.T 
file  specify  the  it-t  ‘  to  .hii  rc'i;a*;C'\'h'ps.  To  hc'p  cie."  '>  the':-  r'',.,ge: 

a.  'her--  .100  3  types  of  S'i  :es..Hi'Ce  da:;-:  .-eco-’ds,  ti'.e  3?,  42,  and  52. 
When  is  each  oi'e  i  sod'' 

"^he  3  :;vpes  .ei  r:aros  a^e  'jsec  i a  pi-'a';”;  wifi  'he  .o.',,  _R'J  failure 
mode,  and  SRh’  ■  ata  rc.-ui'cis.  '■'‘■.a*  is,  c  '  vr-e  32  givc-t  tne  G  ?n-.ra!  Puioose  SE 

identifiers  for  tyoe  3-  L?.‘.'  data  ■-e-‘-''d,  t -c  m  gives  '‘a:  .Spe  ial  Pu' 'oose  SE 

identifiers  for  i  t;.  sc  4!  f,-..;ure  -mode  d.it.-.  -errre,  and  a  '-2  -gives  'he  S’E  identif.ers  for  a 
type  51  SPL'  dtita  -ecr.'rd,  '^hc-  ype  32  -  -o' o  i.-.-  i-  tender,  to  ‘.;-np..fy  data  input  be-.ause 
it  can  replace  a  so  o'  -,ype  42  r.:-'.:o.-c  j.  'C  t.ierv  ’-ai  Pu'.oose  ‘'E.  .he  prog'-ani  er  couid 
I'St  a.n  SE  identiti-  r  o-i  ...  type  --oi.-o-,.'  :or  .'ach  a:t-o  “very  ;r'>  -no:'-.-  of  LP.h',  or 

t  could  be  iisto-'  :  --lue  o  -  :>  ty;.-'  ''■2.  '-t-  ore.  The  \ivLA  procr:  -'  i-ms  :he  '.'nmin-  on  a  2'- 

'ecorj  a.s  ..npplo'.'ab  ?  .0  ...m"  ' '  .  re  m- 

3  tr-pes  c  da*.:*. 
:  pes,  or  .all  three 
P-tOi-t  e.'oipmer-i; 


"he-  -  :s  '.o  pi-oy.’n  requii-o-nent  to  .li 

•■ecords  in  a  -.fata  f  ie.  \  ole  .roti-h  v:ve  -one  '.voe,  j-'.y  tw  ;  • 

tVD*"*'  “  t’'.c  ^  ^rr  r'f'  •  f  iPf't'  ■)■■  i''!^  \  ■'*  *  .ht  *  '> 

require'-  rvrr.ts. 


h.  'f  .mternie  t-.atc  'e  ".  q). ;  '  "'y:  .iri  .'■'RL  v-.ii  -i.t  be  cc-st-ef^ec -.'i  ve,  can 
ti'e  type  ‘'2  -'-i  x.  d  .pe  ify  O'  -V  he  de-'  t  m  '  oE  "er,,  e-ne-  '  ;v'c  ignore  the 

inte' -'-edi ate  'e.'"'  SRt  '  'o  sR  ro!.,;ta'n;h:-T  ' 

-’’■ohahl,'  nc'.  ''-V  .t  '--•  o-'.lv  ce.so'  s'lDivor-:  ecn.-^-’-i-'-nt  t  ie  'n-p'-c.ition 
..s  'hat  SE  w  il  b“  i 'G,..‘i'ed  T  thv  '---o.,;'  .  00  le  a'  -.he  le  s..t  SE  v.-il!  '.ot  he  -  i.-c  .  '-e:- 
if  the  repair  -s  d;  le  at  -ne '■■le.ii.  “  h-ve'.  2  '-..i'  ■ .j':  an  .hogical  rep,:;'  I'osi 

trade-ofE  depot  't'-o.'.ir  vih-  Sl  ■■■".. j->  mte-nied  '.to  le-,-.-;  .-r-oair  -.v  'h-jut  hF,  a-td 

e:  roneousi'/  res.;!'  -s  ---re'r.  — .->--1  • -.n-;,  -v'  ;  -'-j.r--. 


5.‘'-  R. L '^r o g r  .1 : n  .A r -  a v -- .  T'-'s  '  -|.i  .er-,-,  c  jv  •- 'd  V'v  dc  1' ;  -,v'-’  .  '''f-  te  e'  data 
ar  -'ays  i-i  ‘he  prog '  .1  1  . 

a.  W-iat  a-  >-"■  rt'e-..  'i-  -..•eqr.i  n  -x'.c  for  te.-.  e'  hCats,  SRp's,  and 

support  equH)-or-nt 


The  i\'  R  ,  c-n  - r  . 
to  hold  d.ata  f.)'-  'o  -  ; 
equip- pe-'-’  M.'M'  .. 


c-,hu:>’v;  y-.v  t  ".'n  LC  -  h  ft  ■- .  ■'as  a-’-.'i'v'- 
■1  E'o  'ai’ijrr-  •  .  'X  s'i' 


pecp  f  md 
si.pori't 


arv": 


■ '  r 


D.  'A'.at  aoodt  otner  a-rays  o'  the  progroic" 

Otne-  airays  ,'oid  cara  to.’  :^e  ana  ^RL'  versus  SE  r^lutionsripi,  thc- 

networK  I'oces,  and  the  'atwork  ai  as.  Tne  dei'aait  mZcs  for  the-  •  arrays  are:  210  for  SE 
relationships,  201  for  network  nodes,  and  4G0  for  network  arcs. 

c.  Hew  cdc,  ..  user  aexermir.L  the  a.'-ays  aie  ti>»  enouga  for  ■'lis  catd 

CO:'  equip  ■  •■■nt,  LRMs,  uR'’  faijore  .r.oues,  and  SSL's  S)fT:pi.  ccoint,  or 

estimate,  me  .mmoer  cl  ir.pet  filp  d.mo  recems  .'f  each  type  anc  co  tipare  to  the  si/es 
specified  obovo. 

For  SE  rei  ■'ticnii'uos,  two  types  of  co  npu.aticns  must  oe  pcriornied  and 
compared  ',o  f'te  deiaoit  ii/te  oi  210.  The  f.rs:  computation  simpiy  involves  counting  the 
number  of  SF  identifiers  or-  the  type  >2,  k2,  and  52  data  recoros.  The  second 
computitici".  's  a  two  stc,;  process.  The  first  step  uses  ea-th  type  52  recora  separately. 
The  r.jmbei  o:  SE  identifiers  on  each  record  is  multiplied  by  tne  number  of  failure 
modes  iQont.fcud  for  the  .correspor ding  LRU.  The  se-'ona  part  is  summing  these 
products  plus  the  nun.ber  of  SC  ideovifiers  on  tr,e  type  ^2  anc  52  cata  records. 

The  -ti-tp  reouirements  lor  node  and  am  arrays  are  determined  by  formuias. 
For  node  ari-.-.!ys  tne  computation  is: 

2  *  fNo.  of  SE)  r  2*  (No.  of  LRU  failure  modes)  2*  (No.  of  SR  Us) 
and  fo'  ;m  ■. v  o-;,  arcs  it  is; 

(No.  of  SE)  *  3*  (No.  ol  LRU  failure  modes)  +  G*  (No.  of  SRUs)  +  (No.  of  SE-to-item 
relationships) 

T'ne  l.'ist  tern  of  this  form..;. a  is  ti^e  skime  as  the  second  corrputation  for  SE  relations,  as 
described  in  tiie  .orevio.js  pa'.igraph. 

d.  Snould  th.e  aefaait  siaes  be  adequate,  and  what  shoulo  be  done  if  tiiey  aren't? 

U.  i.-,  qu.te  iikelv  that  at  least  some  a-ray  sizes  v,ill  'nave  to  be  changed.  The 
cefau.t  sizes  exist  primer ilv  oecause  they  were  adequate  and  .convenient  for  test  data 
fnes  used  during  progr,i:n  d'lvelopmf-nt.  Recognizing  that  different  NRLA  applications 
would  hkely  have  ver-/  different  array  requirement.s,  no  .attempt  was  made  to 
determine  "-Lypical"  array  size  requirements. 

When  array  si/e  changes  are  required,  they  should  be  dene  following  the 
guidance  u  Appendix  B  of  the  NRLA  Model  Programmer’s  Guide.  .As  is  stressed,  the 
redimensioning  should  tot  he  difficult,  nut  must  be  done  carefully,  accurately,  and 
compi'eteiv.  The  progr...hi  lOgic  makes  certain  assumptions  about  array  sizes.  For 
f-xample,  ail  arrays  fcu  i.RU  data  are  dimensioned  to  the  same  size;  further,  LRU 
arrays  a^e  the  sarne  size  in  every  subrout-ne.  If  these  assumptions  are  false,  program 
arsorts  could  occur  or,  eveit  worse,  computational  errors  couid  occur  and  remain 
undetected. 

An  additional  point  on  redimensioning  array  sizes  is  that  some  temporary  disK 
flies  useu  by  the  program  may  need  to  have  their  file  definition  parameters  changed. 
Tins  possibility  IS  al  ,o  discussed  m  Appendi.i  B  of  the  progr.ammcr's  guide. 


h 


A^ipe'idix  i 

LcRibtic  Costa  Related  to  ' s'etwork  Costs 


In  order  to  operate  the  NRLA  program,  it  is  necessary  to  translate  logistic  costs 
into  network  c:osts.  ^ro.n  the  input  data  (see  Chapter  2  for  a  complete  list)  eleven 
types  of  logistics  costs  ai'e  computed;  ter,  types  specilically  related  to  LRUs  and  SRLis, 
and  one  specifically  reiated  to  support  eouipment.  These  eleven  are  computed  and 
Summed,  as  appropriate,  to  determine  ter.  types  of  cost  elements  used  for  constructing 
the  repair  level  analysis  network. 

Table  13  l.sts  tlie  eleven  types  of  logistics  costs  and  show's  how  they  relate  to  the 
ten  network  cost  elemerts.  The  individual  identifie-'s  within  a  row  ol  the  tabie 
correlate  with  the  e.puutions  in  Appendix  3.  They  incicafe  which  logistic  costs  are 
components  of  the  respective  network  costs.  A  detailed  description  of  the  log.stic  cost 
equations  is  g.ven  ir.  Appendix  3.  .As  an  example,  the  logistic  cost  for  Maintenance 
Training  at  [depot  for  an  LRU  (C90)  is  computed  using  the  eouations  given  in 
Appendix  3.  This  result,  C9D,  then  becomes  a  component  of  the  f.etwork  related  rost 
LRU  Depot  Repair  ,k6).  The  network  cos'  is  applied  to  the  .network  and  is  used  in  the 
max  flow  -  m.n  cut  algorithm.  Figure  20  shows  the  network  costs  associated  with  a 
sample  network. 

The  computer  program  then  uses  the  LRU  -  SRU  -  SE  relationships  at  Depot  and 
Intermediate  to  define  an  RLA  network.  The  ten  types  of  costs  shown  in  Table  13  are 
then  associated  with  the  respective  LRUs,  SRUs,  and  SEs.  The  algorithm  can  select  any 
of  the  seven  decisions  shown  in  Table  14.  It  selects  the  one  that  will  yield  the  least  cost 
set  of  repair  level  decisions  based  upon  the  associated  costs.  The  same  network  is  used 
for  sensitivity  analysis  investigations  by  properly  modifying  costs. 


SRU  DtPOT 
REPAIR  $ 
(78) 


NOTE ; 


DEC!  and  OEC2  are  SRU  costs  which  are  ^ncurrea 
if  the  LRU  decision  is  internieaiate  level  ^epa.r 
and  (a.)  the  SRU  decision  is  depot  repair  lOc-Ll/. 
or  (b  )  the  SRU  decision  is  either  depot  repair 
or  scrap  (DEC2).  Equation  numbers  are  shown  in 
parenthesis. 


FIGURE  20.  Basic  Structure  of  an  RLA  fletworr . 


TABLE  1  4  RLA  DEC  IE  TO.;  LOSTS 


RLA  DECISION  COSTS  ! 


r 

Decision 

r~ 

Included 

Costs 

PE  i 

LRU 

_  _ 

SRU 

DEP 

I  INT  ^ 

DEC  1 

DEC  2 

Depot 

Depot 

Yes 

1  No  ; 

1  i 

No 

H 

No 

2 

Inter 

Inter 

No 

1 

i  ; 

No 

No 

3 

Scrao, 

Scrap 

N'o 

i  i 

1  No  , 

No 

No 

4 

Depot 

Scrap 

0) 

;  No 

No 

No 

5 

Inter 

Sera' 

■ 

No 

i  i 

No 

Yes 

6 

Inter 

Depot 

Yes 

1 

*  Yes 

1 

i 

Yf'S 

Yes 

7  * 

Scrap 

Depot 

_ 

Yes 

No  ' 
1.  ,_1. 

Ye^s 

No 

Thii?  alternative  cannot  be  elininatcd  for  technical 
roa‘-'ons  however  it  ia  extremely  anlikely  lo  occur. 
.Met^'iods  of  handlcnq  it  should  it  occur  am,.'  eivo'n  in 
Chanter  2. 


Clcbsarv  :,f  Vat  idoles 


This  section  is  an  aJphabetirai  listing  of  the  acronyms  used  in  the  equation  oi  Apoendix  3. 
With  each  acronym  is  its  description,  units  of  measures,  ano  tlie  source  of  :r.t  r!a:a  value. 
The  source  will  be  one  of  the  input  data  records  or  will  indicate  that  d.e  value  .s 
computed  from  input  data  values. 


A 

- 

the  expected  annual  cost  for  non-reparable  assemblies  and/or  piece- 
parts  required  for  repair  of  an  LRc'  or  SRI!  ($,  Computed). 

AVURS 

- 

the  expected  number  of  hours  per  month  tiiat  a  CKirt!''uiar  i.  pe  of 
currently  installed  support  equipment  will  be  availaole  to  sup;,'!;;  :  new 
workload  of  repair  tasks  (hours/montb,  computed). 

BAA 

- 

available  work  time  per  shiit  per  month  for  an  miermeJiate  levei 
maintenance  man  (man-hours/shift/month.  Maintenance  System  Data 
Record). 

BLR 

- 

hourly  labor  rate  for  intermediate  level  maintenance  man  ($/hour, 
Maintenance  System  Data  Record^ 

BiMIMH 

- 

the  number  of  maintenance  man-hours  required  for  repair  oi  an  LRL'  if 
the  repair  is  done  at  iaterm;diate  level  (inan-hours/repair,  LRU 
Failure  Mode  Data  Record). 

BMMHS 

- 

the  number  of  maintenance  mar -hours  required  for  repair  of  an  SRU  if 
the  repair  is  done  at  intermediate  level  (man-hours/repair,  SRC  Data 
Record). 

BRCT 

- 

the  total  elapsed  time  from  removal  of  a  failed  LRU  at  a  base,  through 
intermediate  level  repair,  until  it  is  returned  to  serviceable  oase  stock 
(months,  LRU  Data  Record). 

BRCTPL 

- 

the  expected  number  of  unserviceable  LRU  assets  in  the  base  repair 
pipeline  (No.  LRU,  Comiputed). 

BRCTSL 

- 

the  number  of  spare  LRUs  to  be  purchased  to  satisfy  LRU  demands 
expected  to  occur  during  the  base  repair  cycle  time  (No.  LRUs, 
Computed). 

BSYHRS 

* 

average  monthly  in-use  tnr'e  for  a  particular  type  of  currently 
installed  support  equipment  (hours/inonth/unit  of  SE,  Support 
Equipment  Data  Record). 

DAA 

- 

available  work  time  per  shift  per  month  for  a  oepot  level  maintenance 
man  (man-hours/sh' ft/month,  M.untenance  System  Data  Record). 

nEV 

- 

tne  cost  to  develop  SE  for  the  system  ($1000,  Weapon  System  Data 
Record). 

DLR 


hourly  labor  rate  for  depot  level  maintenance  men  ($/hour,  Mainte¬ 
nance  System  Data  Record). 


DMMH  -  the  number  of  mam.tenance  rnan-hours  required  for  repair  of  a.”  U  if 

the  repair  is  done  at  ttie  depot  (rnan-hours/repa;'",  LRL'  Failu'e  Mode 
Data  Record). 

DMMHS  -  the  number  of  maintenance  rnan-nours  required  for  repair  of  ar-  SRU 

if  tne  repair  is  done  at  the  depot  (inan-hours/repair,  SRU  Data  Record). 

DRCTC  -  the  elapsed  tirrie  from  removal  of  a  failed  LRU  at  a  COVUS  base  until 

the  Item  could  becorne  a  serviceable  spare  in  depot  stocl:,  it  ncludes 
the  time  required  fo'"  base  to  depot  transportation  ai  d  the  deoot  shop 
flow  time  required  for  repair  (months,  LRLJ  Data  Recoro). 

DRCTO  -  the  elapsed  time  from  removal  of  a  failed  LRU  at  an  overseas  base 

until  the  iteni  cou'd  become  a  serviceable  soare  in  depot  stock 
(months,  LRU  Data  Record). 

DRCTPL  -  the  expected  number  of  unserviceable  LRU  assets  in  the  depot  repair 

p’peline  (No.  LRU,  Computi  d). 

DRCTSL  -  the  number  of  spa-e  LRls  to  be  purchased  to  satisfy  LRU  demands 

expected  to  ccrur  during  tlie  depot  rcoair  cycle  time  (N’c.  LRUs, 
Computed). 

tine  dollar  value  of  th"  base  level  inventory  of  non-reparable 
assemblies  and/or  piore-pa.  ts  required  for  LRU  or  SRU  repair  ($, 
Computed). 

tl'e  LRU  failure  mode  percentage,  the  expected  frequency  of  the 
tvpe  of  failure  as  a  -raction  of  al;  failures  for  the  LRL'  (dirnet  sionless. 
LRU  FailLve  Mode  Data  Record). 

IMC  initial  management  cost  to  introduce  a  new  item  (assembly  .-r  piece- 

part)  into  the  Air  Force  wholesale  level  ;nv'--ntorv  system  ($/item, 
Supply  System  Data  :f,ecord). 

M  -  the  total  number  of  operational  locations  for  the  erd-Ur'n  (\'o.  bass's, 

W  eapon  System  Data). 

MENREQ  -  tie  minimum  number  of  trained  maintenance  men  required  to 

accomplish  the  expected  monthly  workload  of  LRU  or  5IU. '  repairs  (No. 
rren.  Computed). 

MTBCT  -  mean  end-i*'em  operatmg  time  between  corrective  repair  tasks 

( iperaring  nours,  Compu*'''di. 

MTBF  -  mean  tune  betwceri  failures  lor  an  LRU  hi  its  operatio-al  'Environment 

(  RU  'Operating  hours''(<-  lure  LRU  Datoi  Rr’cord). 

N^B  -  the  number  of  standard  (already  stock  numhc'fd  in  AF  i' ventorv) 

i  ems  which  wil'  ha  /r.  to  be  entered  iruo  the  h,,s,>  mventorv  ■  vstem  if 
'..R'  tepoir  s  ■*  •  u-  bas'"  (No.  ;te  n  .,  LR*'  F.niii'-o  M  -d'e  Data 

f '  pc<’'r('). 
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aci .  t  '  \  a  .  ,  "SL,  i')v  t  ‘  ' 

NTDFM 

- 

t.'.e  n.jinbt-r  oi  o'Trir..  .*  .Vi  '-.-'c-'  ‘v  .  rs>'  .  !  W  repa.' 

tasK  (No.  pigt'S.  LRI  F-aii  ir--  Viob.  iAata  i.f-t  o  '.i. 

NTDS 

- 

the  non.ber  ol  tochnica'  nata  paj^es  r- t-juiret:  jot  ''Kl  rc.aj.r:  'Nt). 
pages,  SRU  Data  R  .*cord). 

OPHRS 

- 

expected  time  that  a  unit  of  SE  wa’i  be  uVajiaaic  f.ir  tp'.irs 

(hours/mofuh,  SE  Data  Recoi'd/. 

OS 

- 

the  fraction  of  the  tota;  number  of  end-itt?'tis  oepirvcc  to  ovt-r-eas 
locations  (dimensionless,  V'eapon  System  Data  Record). 

OSTC 

order  and  shipping  time  for  CONUS  locations,  the  elapsec,  time 
between  tue  initiation  of  a  request  for  a  serviceable  iteiii  iro:.'i  tne 
depot  and  the  receipt  o:  the  item  at  a  CONUS  base  (months,  Supply 
System  Data  Record). 

OSTO 

- 

order  and  shipping  time  for  overseas  locations  (months.  Supply  System 
Data  Record). 

05TPL 

- 

tne  expected  number  of  serviceable  LRu  assets  in  the  depot  to  base 
order  and  shipping  time  pipeline  (.'<o.  LRUs,  Computed). 

OSTSL 

” 

the  number  of  spare  LRUs  to  be  purchased  to  satisfy  LRU  oemands 
expected  to  occur  during  an  order  and  siiipping  time  cycle  (No.  I  RDs, 
Corr.puted). 

PCC 

- 

packaging  cost,  including  both  labor  and  materials,  for  item  shiipments 
to  CONUS  bases  ($/pound.  Supply  System  Data). 

PCO 

- 

packaging  cost,  including  both  labor  and  materials,  for  item,  shipments 
to  overseas  bases  ($/poiind,  Supply  System  Data). 

PC  MB 

- 

monthly  end-item  utilization  hoars  at  a  base  (hours/mtr  location, 
Computed). 

PGMLCB 

- 

life  cycle  eno-item  utilization  hours  at  a  base  (hours/mtr  location, 
Computed). 

PIUP  -  program  Tiventory  u?age  period;  the  iite  cvcJ<’  of  the  ';yste:^'  '-ears. 

W‘»apon  System  Data  Record). 

PSRC  -  packaging  and  shipping  cost  for  CO\:jS  shipments  (S.'no'je, : 

C'-imputed). 

PSRO  -  packaging  i-nd  shipping  cost  for  oversfo.is  shipinerts  '‘/Docnd, 

Computed). 

PWRC  -  packed  weight  ratio  for  CONUS  shipments;  the  ra’^io  c;  the  p.-r'kaped 

itc'm  weight  to  the  ;tem  weight  idimensir-nless.  ?  :pp'v  hyste  n  Un.o. 
Record). 

PWRO  -  packed  weight  ratio  for  overseas  shipments  (dimensionless.  Supply 

System  Data  Record). 

QTY  -  fo'  each  LRU,  the  number  of  occurrences  of  the  LRU  in  the  end-item 

(No.  LRU/end-item,  LRU  Data  Reco'-d). 

REQMT  the  number  of  units  of  a  support  equipment  th.it  wul  have  to  oe 

purchased  to  satisfv  the  repair  requirements  (No.  SE.  Comoute 

RIIMC  -  the  life  cycle  recurring  plus  inpia!  item  management 

($/ite'n/!nter'Tied!ate  location,  Computed). 

RIP  -  repair-in-pld'te  fraction:  f-action  of  LRh'  failures  which  can  be 

repaired  at  the  organU.ational  level,  on-ecnipm^>nt  mainn-mance 
(d  mensionJess.  LRU  Data  -RecardL 

RMC  recurring  management  cost  to  ’'laintain  an  item  in  tt'e  wholesale 

inventory  system  (S/item/year,  Supply  System  Data  Record). 

SA  -  annu-al  cost  to  maintain  an  item  in  t'm  base  level  supply  system 

(S'item 'year,  Supply  System  Data  Recorc.). 

SBRCT  -  SRU  base  n-pair  cycle  time;  the  total  eUps'’d  time  ‘roni  lemoval  of  a 

fa. led  SRU  from  an  LRU.  tl'-rouph  in'e'''!;e.;iat '  'evel  repair,  until  it  is 
returned  to  se-'vli'eabie  base  stock  (inent  us.  SRU  l>a;a  Recoi'd). 

SBRCTL  -  the  numoer  of  spare  SRL>s  ^o  be  purchased  to  satisfy  SRU  demands 

expected  to  occur  durcig  the  SRU  base  rep.iii'-  uyeie  time  (No.  SRU, 
Computed). 

SBRCTP  -  the  expected  numbf-i  -of  uns'*rvic''able  SR!J  a.se*',  in  the  base  repair 

pipeline  (N'o.  SRL'.  Cu  ;n;>u‘edL 

S'  .U  repa.r  cvcli.  '..me  for  vIO''".''.  b.isms;  e'apsed  t; me  f''on' 

re'  mva  '.  f  ;  failec  sm;  'fr.-!''.  the  Ui'.U)  a*  a  CONUS  hase  .nti!  tne 
it '"1  l  ou'd  pee.  me  c  stmvif soa.r'*  m  hr,?ot  sto'  -,  (mo'it'us.  SRI 


SDRCTO 


SDRCTL 

:ne  -lu:  i-‘:v"  ot  :.pari-  o  oe  pi.r-'h i  viiisly  jRl  tic, ;,arirfs 

exoecTed  to  occur  duriu^  t.ie  SRl'  dcoot  repair  cycie  \o.  SRI 's, 

C'canputed'. 

SDRCTO 

SRl  cepoT  rep>jir  c pcit  i  ;r.o  I'or  overs  'a;  da'ici;  Cc  Ca'ibc.:  urtir- 
reifio'.'ai  of  a  faiiec  SR'j  from  .Pe  LRlj  at  an  overseas  aasc  t 

.terTi  could  bt-come  a  servicoab.e  spare  in  depot  stor  •:  (n'oror.-j, 

Data  Record). 

^-'RCTP 

die  expected  nurnbei  of  unaervaceable  SRl'  assets  m  tne  cepot  repa.r 
pipeline  {\o.  SRi  R,  CoinDuteo). 

SEACQ 

- 

support  (;Guipmei'iT  acniiisi  uon  <  sst  f.:.r  a  pariicuiar  .v  '  ■  ■  s;:  :,s, 

Computec). 

SECOST 

- 

the  total  facilities,  accui'^i non,  and  operations  cosi  fjt  a  Oa'-'.u  ulu: 
type  ot  St  (S,  Computed). 

SEFAC 

- 

cost  of  new  facilities  icr  support  equipment  ($,  S^;  a  .  ncnt 

Data  Record). 

SEHRF.M 

- 

t.,0  '.umber  of  hours  the  S  .  is  needea  to  repair  tne  ’.Ri.  f^iiure  .  ,ode 
fihours/repair,  LRfj  Failure  .Mo'ie  f'ata  Record). 

SEHRS 

- 

the  number  of  hours  the  SE  is  ntedeo  to  repair  tne  SRl'  the  ;  a  'rupa.r, 
SRU  Data  Record). 

5SOPF 

- 

rhe  .innual  cost  of  ope.''alions  a;,u  mainTcnance  for  a  support  equipment 
{$/.'ear,  Support  Equipment  Data  Record). 

SF.OP\S 

- 

life  cycle  operations  and  maintenance  cost  fo'-  a  support  equip, ric-n,:  (S, 
Computed). 

SCSI PL 

- 

tne  expected  number  of  serviceable  SF^iJ  asseis  in  the  oepot  to  base 
order  and  shiop'ng  time  pipeline  (No.  SRL.,  v'omputen). 

>05  I'M- 

■■ 

"he-  nm.iber  of  spoi'e  SRiis  to  oe  purchased  to  satisfy  SRI  demancs 
c-xpected  to  occur  dur. 'g  an  order  and  shipping  time  cycle  t\o.  Sl-lL's, 
(fomputeci. 

SRC 

- 

cost  for  shipping  items  to  CONI  S  locafons  (p/pound,  Supply  Svstem 
Data  Record). 

SRO 

- 

cost  for  s'nipoing  items  to  overseas  locotions  fS/pound.  Supply  Svstem 
i3atu  Record). 

SWORCT 

- 

SRU  weighted  depot  repair  cycle  time  (montlm,  Computed). 

TD 

- 

cost  per  original  page  of  techni.tal  data  produced  by  tiie  rontractor  to 
support  item  repairs  ($/page,  Supply  System  Data  Record). 

7Fl^ 

- 

training  factor  for  busc;  the  expected  number  of  times  that  formal 
maintenance  training  will  oe  required  for  base  personnel  (dimension¬ 
less,  Computed). 
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Appendix  Z 
NRLA  Cost  Equations 


l.C  introduction.  The  Network  RLA  program  is  composed  of  two  major  parts.  The  first 
reads  the  input  data  and  computes  the  costs  associated  with  the  repair  ievel  decision 
network.  The  second  solves  the  repair  level  decision  problem  using  a  max-flow,  rnin-cut 
algorithm  and  pe'forms  sensitivity  analyses  on  the  optimal  solution.  This  chapter  presents 
tne  rationale  -■■.f  equations  for  the  first  part  of  the  program. 

It  13  irnpo'tant  for  the  analyst  using  tne  program  to  understand  ttie  cost  equations 
used.  Then  the  program  can  be  modified,  if  necessary,  to  more  accurately  portray  the 
costs  associated  with  earn  specific  application. 

in  general,  the  program  computes  two  types  of  costs:  item  (LRU  ana  SRU)  related 
and  support  equipment  (SE)  related.  Item  related  costs  are  further  classified  into  the 
costs  that  occur  if  the  item  is: 

a.  depot  repaired  when  it  fails, 

b.  scrapped  (discarded)  when  it  fails,  or 

c.  base  reoaired  when  it  fails. 

The  different  logistics  costs  computed  for  each  repair  level  decision  are  shown  in  Table  13 
(see  Appendix  1). 

The  equation  descriptions  involve  numerous  acronyms  for  input  data  elements  and 
computed  values.  Each  acronym  is  defined  at  its  first  usage  and  a  glossary  is  provided  as 
Appendix  2. 

2,0  Computation^. 

2.1  Logistics  System  Computations,  in  order  to  compute  the  item  and  SE  related  costs 
sorrie  general  information  is  required.  This  information  is  contained  in  the  weapon  system, 
maintenance  system,  and  supply  system  data  records. 

From  t+ie  weapon  system  factors  the  monthly  end-item  utilization  at  a  base  (PC MB) 


IS  computed  as: 

1.  PGMB 

=  UEBASE  *  UF 

(syst/base)  *  Ihr/syst/  mo) 

where 

UEBASE  =  the  number  of  end-items  at  each  base,  and 

UR  =  the  utilization  rate  of  each  end-item  in  operating  hours 
per  month 

The  corresponding  life  cycle  utilization  at  each  base  (PGMLCB)  is  computed  by: 

2.  PGMLCB  PIUP  *  12.  *  PGMB 

(yr/L.C.)  (mo/yr)(oper  hr /base/mo) 

where  PIUP  =  program  inventory  usage  period  (the  life  cycle  of  the 

system  in  years) 


8] 
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From  the  mamtenance  system  data  record  the  annual  turnover  rate  lo’'  den.^t 
maintenance  persor  net  (TRD)  is  used  to  compute  the  expected  numoer  of  tunes 
formal  maintenance  training  ^ill  be  required.  Assuming  that  training  is  required  at  t'n’ 
beginning  of  the  system's  life  cycle,  but  none  is  requi-ec  during  the  last  year  of  the 
system's  life,  the  training  factor  for  depot  personnel  (TFLf)  is; 

3.  TFD*  1.  -r  TRn  •  (PIUP  -  1) 

=  1  +  (turnover/yr)  *  ((yr/L.C.)-  1) 

The  corresponding  training  factor  fer  base  level  training  (TFB)  is: 

li.  TFB*  r  1.  +  TRB  *  (PiUP  -  1) 

=  !  +  {turnover/vr)((yr/L.C.)-  1) 

where  TRB  =  the  annual  turnover  rate  for  base  personnel 

Note:  TFB  and  TFD  ire  both  rounded  down. 

The  supply  system  factors  are  first  used  to  compute  a  life  cycle  cost  factor  for  new 
items  entering  the  Air  Force  w'^olesale  level  inventory  sysrem.  The  life  cvcle  'ecurring 
plus  initial  it“m  management  cost  (RUMC)  is  cornpu  ed  as  a  cost  per  base  as: 

5.  RllMC  =  (PILP  •  RMC  *  1\U' )/V. 

((vr.'i.C.)  *  >$/y)  ‘  ($/part  inrro))/(\'o.  bases) 

where  RMC  -  the  annual  item  management  cost, 

IMC  the  initial  cost  for  introducine  an  item 

into  the  wholesale  level  invenforv  system,  and 
\\  -  the  number  of  operating  bases. 

The  second  fa  :tor  computed  from  the  tupplv  system  data  is  a  weighted  ..-■rder  and 
shipping  time  fWOST)  for  item  requisitions: 


WOST 


OS  *  OSTO  +  (1.  -  OS)  *  OSTC 

(rat'o  OS  shio)(mo  OS  ship)  >  (ratio  CONUS  ship)  * 

(mo  CONUS  ship) 


where 


OS  -  the  overseas  deployment  f-'actioti. 

OSTO  -  the  order  and  sliipp.ng  '’me  to  overseas  locations,  and 
OSTC  -  ti'.e  or  fer  and  rhipoing  time  to  CONUS  locationt. 


Next,  a  packing  and  ship.iing  ra'ie  for  CONUS  (PSRC)  and  overseas  (PSRO)  Ux  ations 
is  computed: 


7.  PSRC 


where 


PCC  *  PWRC  *  SRC 

As/!'')  p.'c'-i'i^g  CON)  ratio  t$/lb  ship) 


PCC  ~  the  CONUS  packing  cost  for  labor  and  materials, 
P'A'RC  -  t'se  p.'<c'''ed  to  unpacked  v.Tngnt  r.aivt  lor  CONUS 
shipments,  and 

SRC  r  the  shiopmg  rate,  dollars  per  pou'vh  CONUS 

.jUc'ns. 


CONUS 


s. 

PSRO 

r  PCO  ^  PWRO  *  SRO 

($/!b  packing  OS)  +  (raiio)($/lb  ship) 

where 

PCO  =  the  overseas  packing  cost, 

PWRO  -  the  f  acked  to  unpacked  weight  ratio  for  overseas 
shipments,  and 

SRO  -  The  shipping  rate  to  overseas  locations. 

Finally,  ihe  weighted  packing  and  shipping  rate  (’.VPSR)  is  computed: 

9. 

WPSR 

(1.  -  OS;  *  PSRC  +  OS  PSRO 
=  (ratio  CON  )  *  {$/lb  pack  dc  ship)  +  (rar.o)  *  ($/lb  pack 
<5c  ship) 

2.1  LRU  Computations.  LRU  repair  decision  costs  are  computed  using  taciors  from  the 
LRU  data  record  and  from  the  LRU  failure  mode  data  record. 

Factors  from  the  LRU  aata  record  are  used  to  compute  quantities  which  are 
required  for  the  individual  failure  mode  cost  computations.  For  each  LRU  the  following 
seven  values  are  computed: 

a. 

Mean  time  between  corrective  tasks  (MTBCT), 

IG. 

MTBCT 

::  MTBFAUF  *  (I.  -  RIP)) 

MTBF/  (LRlf  oper  hr/syst  hr){l  -  ratio) 

where 

MTBF  =  mean  operating  time  between  failures 

UF  --  ratio  of  LRU  operating  hours  to  end-item  operating 

hours,  and 

RIP  =  fraction  of  failures  repaired-.m-place 

b.  Total  questionable  corrective  tasks  generated  monthly  (TQCTGM)  at  each  base 
(tasks/mo/base): 

11. 

TQCTGM 

=  PGMB  *QTY/MTBCT 

-  (oper  hr/mo/base)  *  (No.  LRU)/(hr/failure) 

where 

QTY  =  the  number  of  LRUs  in  the  end-item 

c. 

Total  life  cycle  repair  demands  (TLCD)  at  each  base, 

12. 

TLCD 

=  TQCTGM  *  PIUP  *  12. 

(tasks/mo/base)  *  (yr/L.C.)  '  (mo/yr) 

d. 

For  LRU 

failure  modes  and  matching  SRUs,  allocated  life  cycle  demands. 

13. 

TLCDF 

=  TLCD  *  FAILP(i) 

=  L.C.  demands/base  *  ratio  of  failures  this  failure  mode. 

e. 

Weighted 

depot  repair  cycle  time  (WDRCT) 

14.  WDRCT 


DRCTO  *  OS  +  DRCTC  *  (1.  -  OS) 

(mo.  depot  repair  cycle  time  OS)(ratio)  + 

(mo.  depot  repair  cycle  time  CON.Kratic) 

where  DRCTO  and  DRCTC  are  the  depot  repair  cycle  times,  m 

months,  for  overseas  and  CON'US  locations,  respectively 

{.  Depot  repair  cycle  time  pipeline  (DRCTF'D  for  a!!  bases  combined  and  the 
depot  repair  cycle  time  stock  level  (DRCTSL)  evaluated  o^i  a  pe^  base  basis. 

15.  DRCTPL  ^  TQCTOM  »  WDRCT  *  M 

(tasks/mo/base)  *  (mo  repr  cycle  Time)(No.  bases) 

16.  DRCTSL  ^  (DRCTPL  s  /3.  »  DRCTpI)/M 

=  A  function  of  No.  of  items  in  depot  pipeline 

g.  Base  repair  cycle  time  pipeline  (BRCTPL)and  stock  level  (3RCTSL) 

17.  BRCTPL  r  TQCTGM  *  BRCT 

(tasks/mo/base)  ♦  (mo  base  repr  cycle  time) 

where  BRCT  =  the  base  repair  cycle  time  in  months 

18.  BRCTSL  BRCTPL  r-  />.  ♦  BRCTPL 

=  A  function  of  No.  items  ,n  base  pipeline 

h.  Item  requisition  order  and  '..hipping  fimt  pipe'ine  (OSTPL)  and  stock  ievel 


(OSTSL) 

19. 

OSTPL 

n  TQCTGM  ^  WOST 

( tasks/mo/base )(mo  weighted  ship  time) 

20, 

OSTSL 

--  OSTPL  e  73.  *  OSTPL 

A  function  of  No.  of  items  in  transit 

The  above  quai  tities  (a  through  h)  a'^e  'ised  in  various  equations.  For  tlie  Poisson, 
the  mean  of  the  d.stribution.  m,  equals  the  variai'Ce,  v,  or  rn-rv.  “or  the  Normal 
distribution  with  tf'e  standard  d<’viation,  s,  s  ^“7!  Then  using,  the  Normal  approximation 
to  the  Poisson  at  the  96%  confidence  level  and  a  one  tailed  distribution,  the  stock  level  = 
(m  +  1.73  yjm)  -  (m  +  Vli'n) 

The  rernainder  .if  this  section  presents  the  cost  equations  used  for  each  of  the  three 
repair  level  options  or  an  LRU:  depor  repair,  scrap,  a. id  base  (i.e..  intermediaie)  level 
repair.  The  cost  eqiatsons  vil!  be  iderLfie'i  as  Cl  through  C9  to  correspond  to  the  nine 
item  related  logistic-.,  costs  sho'.vn  'n  Tt  blc  13.  F'jrther,  each  identifier  (C1,...,C9)  will 
have  D,  S,  or  B  as  a  suffix  to  designate  die  depot,  ^civip.  and  hjsc  options,  respectively. 
Thus,  CID  is  used  fo.-  the  hfe  cycle  r'^pl.icernee. .s  eqi;.ition  f-jr  the  depot  repair  option,  and 
CIS  is  used  for  the  li  ie  cycle  replacements  equation  for  the  scTap  option. 

The  logistics  cost  equations  are  cf  rr  puted  using  the  LRU  cost  and  weight  with  the 
factors  that  are  specifier!  for  LRU  f.tilu;-''  mode.  In  '-ev.ewing  the  equations  it  must 
be  remembered  that  each  equa'^eo  -.  e  'a'uatea  for  eac'i  fa:!',.'rc  .-nodo  of  each  LRU. 


For  the  sr.r<‘.p  option  the  cost  oi  purchasing  a  replacement  for  every  lajlure  is: 


21.  CIS  =  FAILPu)  »  TLCD  *  UCL 

(ratio)  *  (repr/L.C.)  *  ($/ltem) 

when  FAILP(;)  =  tt^  failure  mode  fraction  (frequency  of  occurrence  of  tne 
1  failure  mode  as  a  fraction  of  all  failures  of  tne  LRU) 

IjCL  =  unit  cost  of  the  LRU 

For  tne  repair  options  tne  cost  of  pu’chasing  piece-parts  and/or  non-reparable  assemOiies 
consumed  in  the  repair  process  is: 

22.  CID  -  TLCDF*UCRPFM 

(tasks/L.C.)  *  ($/fai!) 

where  TLCDF  =  FAILP(i)  *  TLCD 

(ratio)  (tasks/L.C.) 

UCPPFM  -  the  -otal  unit  cost  of  repair  parts  and/or 
assemblies 

23.  CIB  -  CIO 


C2.  Life  Cycle  Packing  and  Shipping  Cost. 

For  the  scrap  option  the  cost  of  shipping  replacement  LRUs  from  depot  to  oase  is: 


24.  C2S 


TLCDF  *  WGTL  *  WPSR 
(tasks/L.C.Klb/package)(S/lb  pack  &  ship  cost) 


wnere  WCTL  =  the  weight  of  the  LRU,  in  pounds 


For  the  depot  repair  option  the  LRU  must  be  shipped  to  the  depot  for  repair  and  then  back 
to  the  base: 


25.  C2D  2.  *  TLCDF  *  WGTL  *  WPSR 

(directians/trip)( tasks/L.C.)  *  (Ib/package)  ♦  ($/lb  packing 
&  ship  cost) 

If  the  LRJ  is  base  repaired  then  the  necessai  y  repair  parts  must  be  shipped  from  the 
depot  to  the  base  for  each  failure: 

26.  C2B  r  TLCDF  *  WTPPFM  »WPSR 

(tasks/L.C. )(lb  parts/task)  *  ($/lb  uack  it  ship  cost) 

where  WTPPFM  =  the  weight,  in  pounds,  of  repair  parts  and/or 

assembles 


C3.  Base  Stock  Level. 

For  the  scrap  and  depot  repair  options  t.he  Oase  wi!i  'na.  .t  i,  i  i  t  ■»  ^  of  spare  LRUs 
to  satisfy  demands  which  occur  during  a  depot  to  base  ,.rdci  ano  ni'ing  time  '  v<  lo.  The 
tjUantity  of  5pdr^  required  for  the  LRi.>  is  OSTSL.  Then-t  if,  ;  ,r  valao  o1  the  assets, 
prorated  to  the  i  fail. ire  mode  is: 


27.  C3S 


FAlLP(i)  *  OSTSl.  UCL 
(ratio)  ^  f.Vo.  LR’Js)  »  ($/LR'J) 


28.  C3D  r  C3S 

If  the  LRU  is  base  reoaireci,  then  the  base  will  have  an  invento'-y  of  spares  to  satis' v 
demands  during  the  base  repair  cycle  tiine.  The  value  of  these  assei'-.  by  fahurc  insde  ;s: 

FML?(i)  ^  HRCTSL  *  U'CL 
fra; id  ^  (,\'o.  LRLh  *  ($/LR'J) 

For  each  failure  tntde,  there  are  certain  oie'^e-parts  and/or  nonreparable  assemblies 
required  for  LRU  rep-ur.  The  expe^'tod  .--nnua!  cost  for  these  parts  at  each  r.iase  w  l  bfv 

2^.  A  :  UCPP^'Vl  »  FAlLP(i)  *  TQCTGM  ♦  i2. 

i$/task)  *  (ratio)  *  (failures/mo/base)  *  (ino/yr) 

The  value  of  the  base  level  inventory  of  these  parts  is  based  on  an  Economic  Order 
Quantity  (EOQ)  formula  (see  AFM  67-1,  VOL  2,  P?rt2,  Chapter  i  1).  Let  Q  -  c-'  o-iomir 

order  quantity  in  unrs,  EOQ  -  economic  order  quarrtity  in  T-ilars,  ^  -  annual  de  naiid  :n 

units,  K  -  cost  to  orcer,  C  r  ur-it  cost,  A  .AC  .  annu.i'  demand  in  dollars,  anri  !  -  holding 
cost  as  a  portionj.)'  •  le  i.init  cost.  Using  the  classica.  itOQ  fertniil.t,  Q  r  J2^K  !  IC,  arc 
EOQ  .  CQ  -  ^'2K  7'T  y  A.  But  K.  r  $4. ah  and  i  t  ,26  from  A.FV  67-1,  Vo!  li,  Part  One, 
Amendment  20,  IS  May  !98. 1. 

Then  the  current  sa!”e  of  EOQ  ■-  2($4.54)/ ,2.6  .y*A  .3.9  ’.'se''s  should  periodically 

review  the  reference  ind  update  the  coefficient  JTKTT.  povv  ^.9. 

30.  EOQ  ‘i.9*/~A 

This  value  is  then  chnekt'd  and,  if  necessary,  -pod'fied  so  t'lat  it  ■'efiecrs  a  cost  nc  greater 
than  the  annual  cost  iA)  and  no  less  than  tlie  corresoondirig  mc-itoiy  cost  (A/!?.).  Finally, 
the  total  base  stork  Ir-vel  cost  is: 

31.  C3B  FAILPU;  ‘  BRCTSL  •  UCL  4  FOO 

(ratio'  *  (No.  L  •f.U/base'/'s/LRLO  4  (EOQ  $) 

C4.  Depot  Stock  Lev < ■  i . 

If  reoair  for  tfie  LRU  is  done  at  dei’O*  ievei  then  tb.e  oepot  v-'iU  stock  spare  LRUs  to 
satisfy  demands  which  a.cu''  durmi’,  '‘n  'CiJot  t  eye'e  TCo  ,  ost  of  ■.hese  assets 

prorated  to  the  failur-'  mijr''  it-: 

32.  Chn  FAL.F’{m  ‘  ■PRUr'-h  •  -.h-L 

(ratio'  ’  (No.  U  <.  7  n  depot)  *  v  j) 

If  repair  for  th.e  LRI  is  dofe  Sase  level  tnere  i.>  no  -eu  ..r  ■  r.o.c  '  .r  sp.ire  LRUs  at  the 
depot.  Tfierefore; 


33.  C4B 


1. 


34.  C5D 


TLCDF  »  D:vlMH  »  OLR 

(tasks/ L.C./buse)  *  (hr/tasks)  ($/hr} 


where  n.V.ViH  =  the  depot  level  maintenance  man-hours  required 

for^  repair,  and 

ni  R  -  the  depot  labor  wage  rate 

For  base  repair: 

35.  C5B  :r  TLCDF  *  BMMH  *  BLR 

(tasks/'L.C./base>{hr/task)($/hr) 

where  BMMH  -  the  oase  level  maintenance  man-hours  required  for 
repair,  and 

BlR  =  the  oase  labor  wage  rate 

C6.  Air  Force  Inventory  item  Introduction  and  Manaitement  Costs. 

36.  C6D  ^  NPPA  *  RIIMC 

(No.  items)  ■*  (S/irem/base) 

wnere  NPPA  -  the  numoer  of  new  piece  parts  and  assemblies 

required  for  repair 

37.  C6B  =  C6D 

C7.  Base  Level  Item  Management  Costs. 

A  decision  to  do  LRU  repair  at  the  depot  implies  that  the  base  supply  system  will  manage 
one  new  item,  the  LRU.  However,  since  the  same  cost  is  incurred  for  the  scrap  and  base 
repair  options  it  is  not  computed  for  any  repair  level  option.  Thus: 

38.  C7D  =  0. 

Conversely,  it  the  LRU  is  bcse  repaired,  tlien  the  base  supply  system  must  manage  the 
LRU,  all  new  piece-parts/assembiies  required  for  LRU  repair,  and  other  piece-parts/ 
assemblies  required  for  LRU  repair  which  are  already  in  the  AF  inventory;  but  which  will 
be  new  at  the  bases  doing  LRU  repairs.  Therefore: 

39.  C7B  PUJP  ♦  SA  *  (NPPA  +  NAB) 

(yr/L.C.)($/item/yr)  *  (No.  new  parts  +  No.  new  parts  at  base) 

where  5A  r  the  annual  cost  to  manage  one  item  in  the  base 

supply  system, 

NPF’A  =  the  number  of  new  items,  and 
NAB  -  the  number  of  items  which  will  be  new  at  base 
level 


C8.  Technical  Data  Costs. 


The  cost  of  acquiring  technical  data  for  perform:ng  LRU  repairs  is  compun’d  on  a  per  base 
basis  as: 


40.  C8D 

41.  C8B 


N'iDF-'V  *  TD/'V\ 

(No.  pages)  *  ($/pdge)/(No.  bases) 
C8n 


where  NTUFM  =  the  number  of  technical  data  oages  reauired 

tor  repair  of  the  LRU,  and 

TD  =  the  cost  per  original  page  of  tech  data  from  the 
contractor 


C9.  Training  of  Maintenance  Personnel- 

For  the  depot  repair  option  the  expected  number  of  repair  man-hours  required  per  month 
is  computed  as: 

42.  Hours  r  FAlLRfi)  »  TQCTGVl  *  DVl'lH  *  M 

(ratio.'  *  (tas'Ks/mo/base)  *  trepr  hr/task)  ♦  (No.  bases) 

This  value  is  converted  to  the  number  of  maintenance  men  required  by: 

41.  MENREQ  =  Hours/DAA 

(hr  ,/mo)  /(hr/  mo/ruan) 


where 


OAA  -  mont'^iy  .availaole  hours  per  man  at  t!ie  deoot  repair 
facility 


Then,  V1ENREQ  is  rounded  to  the  next  higher  integer  and  compared  to  the  user  supplied 
value  for  the  number  of  men  to  be  trained.  The  larger  vaiiie  is  used  for  MENREQ  in  tlie 
cotrnut.-.rion; 


44,  r9n  ^  TFD  »  MENREQ  *  TRW  »  (TRC  ^  40.  *  DLR)/M 

(ratio)*(No.  men)*^(wk/man)*($/week  *  !ir/wk  *  $/hr)/(Nc.  bases) 

where  TRW'  =  rhe  amaunt  of  time  'equired  for  training  expressed 

in  wee  cs,  and 

TRC  --  the  evr<‘cted  training  cost  per  week  for  instruction 
and  matr>'i,al' 

The  corresponding  como Jtati.ons  for  'case  level  ttaining  are: 

45.  Hours  •-  F,ML'3(i)  *  TOCTGM  »  PMMH 

<:  atio)  "  (fa:!ures/  e,o/base)  *  (hrs/‘ai!ure; 


MENREQ 


ours 'BAA 


wherr* 


pas  .ui.^  iV.'eb  hO.  no'ir'.  tt  m.'.n  .it  g  'r';',!;" 

‘  >r,;  •  ,■ 


46.  C9.i 


^  ^3  *  MENRI'Q  '  Tl<v,  '  -Tl^C  ^  4.;  ♦  iM.R) 

irjT.o  *  vNo.  irien/jase)  *  (wk/man)‘‘(:>/v.'(.'eK  -  :r/wceK  ■*  ; 

The  above  cos.  oquatiocs  are  ijofoed  for  cat  r.  I  jilore  :  iorie  lo  yield  tdu-  to:a.  k  jaM 
repair,  scrap,  and  base  repair  costs: 

47.  DEPOT  $  ^  C!D  4  C2D  4  C3D  +  040  -  CbD  4  C6D  4  C8D  4  C9D 

48.  .CRAP$  Clb4C2S4C3S 

49.  EASE  >  r.  CIA  4  C2A  4  C3A  .  C/A  .  r6B  4  C7A  •  CCA  •  C9A 

2.2  SRU  Concct? tio.'s.  SRt!  ;ost  eqeidtioas  ate  esse  viaily  .dentical  to  these  for  LRl.'s 
except  that  SRC  ‘actors  are  used  a':  place  of  LRC  factors.  T*'o  exceptions  to  this  rule 
exist,  the  use  of  TLCDf  ond  eAILP(i;  *  TQCTGV..  TLClOF  .s  the  total  l.fe  cycle  demands 
for  a  particular  LRD  fadure  mode  and,  therefore,  is  also  the  total  life  cycle  d.-mands  for 
the  SRU  associated  v.'ith  thie  LRL  failure  mode.  Similarly,  FAILP(i)  *  TOCTCM  dives  the 
expected  number  of  monthly  ''ailures  for  a  particular  LRU  failure  mode  and,  thu.,,  is  also 
the  expected  number  of  SRU  lailures  per  mo  ith. 

As  in  the  previous  section,  t'le  cost  equations  will  be  identified  us  Cl  thro  C9 
with  the  suffixes  Id.  S,  and  In  adcition,  since  some  SRU  rel.:iied  costs  are  incurreJ 
dependent  on  t:m  URL'  decision  the  cost  equaiicns  are  ass  gned  tne  suffixes  D1  and  D2. 
D1  and  D2  coriespond  to  DECl  and  DEC2,  respectively,  as  shown  in  Table  13. 

Tne  logistics  cost  equations  for  SRUs  are: 

Cl.  Life  Cycle  Replacement  .. 

For  the  SRU  scrair  ojjtion  the  cost  of  purchasing  a  replacement  for  every  failure  is 
computed  as; 

50.  CIS  =  TLCDF  *  UCS 

(tasks/L.C.)  *  ($/SRU) 

where  UCS  =  the  unit  coA  of  the  SRU 

For  t.ie  repair  notions  the  cost  of  purchasing  piere-par ts  and/or  non-reparable  assemblies 
consumed  in  the  repair  process  is: 

51.  CiD  r  TLCDF  *  UCPPS 

(tasks/L.C.)  ($  piece  parts/ task) 

52.  C18  ^  cm 

where  \  CPi’S  =  the  total  cost  of  SRU  repair  parts 

O- .  Life  Cycle  P.ai:kin,g  and  Shipping  Cost. 

For  tfie  sc'dp  opt;o  I  an  SRU  must  be  shipped  from  depot  to  base  for  each  SRU 
failure  A  the  LRU  i,s  repaired  at  the  base.  Therefore,  the  cost  of  shipping  replacement 
SRUs  is: 


53.  C2D2 


TLCHF  *  'OS/C.TS  ♦  WPSR 
(tasks/L.C.)  ('‘.'/‘'RL')  *  CT'/ib  pacK  ship) 

where  WGTS  -  weight  o:  the  SRU  in  pounds 

For  the  SRU  depot  repaid  optiori  a  cost  is  incurred  if  tlie  LRF'  is  base  repaired.  !n  this 
rase,  two  wav  Dark  ig  an''  soipp:  ig  charges  .-.re  in-curred.  T'- c  --quiiion: 

02^!  tl-  HF  ♦  WGTS  WPSIi 

■t  .sks/L.C.)  »  (!b/SRLh'  *  (S/ik  ,5,  ss.ip) 

represents  one  wav  tr.nspi't  tatjon  anc'  ;s  used  wit^’  C2!'‘2  to  r-^^'fle-'t  the  round  trip  total 
cost. 

Base  repair  o  the  SF’ I’  ,vn!v  occurs  if  -Jie  LRU  is  also  base  repaired.  In  this  case, 
Diece-parts  anc,.  or  non-repar..ble  assen-blir-s  tnust  be  sent  to  the  base  for  each  SRU 
fa. lure. 

5  5.  C2B  :  TLCUF  *  WTPFS  »  WPSR 

(tasks/L.C.)  *  (ib  piece- oarts/task)  ♦  (.$/!b  pack  6c  shii>) 

C3.  Base  Stock  Levei . 

For  the  Si^U  scrap  op<''<)n  and  the  S''U  depot  repair  option  the  base  will  have  an 

iriventory  of  spare  SRUs  jf  the  LRU  is  base  repaired.  The  spare  assets  are  needed  to 

satisfy  SRh  dernatids  ei^pected  to  ivcur  dMr.ng  ati  ofle''  ,cid  shipping  time  cycle.  The 
applicable  SRl..'  pipednc  ;SOSrRL)and  ,'■'10'  stock  ievei  (SOSTSL)  quantities  are: 

56.  SOSTPL  --  FAILP(i)  *  T-geiGM  *  WOST 

(.atio)  *■  (Msk: /;no/base)  ‘  (iro  order  sk  ship  time) 

57.  SOkTSL  SOS"  i'L  ,  *  'tO'^TPL 

a  fi.ni  tion  of  '.I’U  p;n(-iine  '.{ty 

^ne  value  of  snare  as'-'T.,  ,s; 

5S.  0002  tiCs’SOSTSi 

(S'spo)  ►  (Vo,  SPU/baso) 

For  the  SRU  b.ase  ’■epair  oDtiori.  the  naso  level  inventorv  will  conrain  spare  SRUs  anc^ 
repair  parts  for  SRUs.  Tc,-  ^pjr,'  Sttv,  to  satis^v  SRU  d'i'inan'ds  ’to  supo'irt  LRU 

repairs)  dermg  the  SRU  nas'’  'i-y:  o-  •■■•m  time  atid  th<'  SRt  '  rr-pas;  narts  ar”  use^'  to 
Sot  ,  fv  repair  parts  d< man'F,.  U--,-',;-  t-  •  UOO  fo'mij'.i  'U'ntmped  :n  *'',e  n:'cv:oi  s  "^ef  tio'i 
O'  r  .p.Jir  parts  oonipicat'on: 


59.  A 

'V-PU-,  *  PAILFli)  •  FCCTC.VI  «  ,  .U 

'"c'' >st''  ‘  'r  o;o)  *  '/bas'd  "  i 

•('O  vr 

, _ _ 

60.  EOO 

T  5.n  •  . 

where  EOQ  i;  ii  r-e"'*'  re  ;..)  -'e  ter  t  rf;.-  cris .  ard  ro  tiiat: 

the  correspondin;',  ntonchiy  roit.  The  i  .’.efitorv  ixe_;  f  jr  ipare  ^  is  obto.i,',eit  j  '  first 
corr.puting  the  expected  SRU  Dase  repair  cytlr-  ''lae  p.peLr.e  quaat.'y  (S'TRCTF;  anc.  the 
associated  stock  level  tSBRCTL); 

61.  SBRCTF  =  F.MLPv  ,  *  TOCTC.  *  s.hRCT 

IraCioi  '  Itasks/rno Tiasei  *  ("tio  base  repr  cycje  tcne) 


SbRCT  ^  SRL  Da.-  :-eoa. 


:t  :;e  tiixe  .u  tioiitas 


62.  .^.'iRCTL  r  SBRCTP  v  2.  *  S[\YX/'. 

~  a  f  ihccion  of  base  repair  eycie  tirne 


C3B  r  uch  *  SBRCTL  -  EOQ 

l$/SRl:)  *  (No-  SRLi/base)  -r  ($/ba.e) 

Cm.  Depot  Stock  Level. 

A  depot  liiveh.' try  of  spare  SR'Js  is  required  lo  meet  base  dem.ihds  :oi  SRijs  the 
LRU  is  base  renaired  and  the  SRU  I;  depot  repai.'ed.  The  value  o;  aep>n  spares  t..  he 
oroiated  tc  jjch  base  is  a  function  of  the  SR'J  weif.htec  depot  recair  tvrle  tiir.e 
(SWDRCT),  the  expectea  pipeline  quantity  (SORCTi^),  anc.  tht?  .ssc  'iatec  dt>poi  slock  leve. 
'SDRCTL). 

63.  SV-HRCT  --  SDRCTO  *  OS  .  SORCTC  *  (I.  ••  )S; 

''tiG  depot  repr  cycle  tinte  OS)lrb"u0  OS;  . 

■10  depot  repr  cycle  time  CONKratio  CON) 

Where  SDRCTO  =  oRU  depot  repair  aV'cie  tin.e  for  overseas 

locations,  and 

SDRCTC  =  SRiJ  depot  repair  cycle  tune  tor  C'ON’LO  locations 

h4.  SDRCTP  a  FAILP(i)  *  TOCTGM  *  SWORCT  »  Vf 

(ratio)  *  (tasks/ 1  no/base  )  *  (mo)  *  (No.  bases) 

65.  SDRCTL  =  (^DRCTP  +  >/3.  »  SDRCT.'^i/M 


66.  0401 


IJCS  *  SDRCTL 
($/SRU)  *  (.No.  SRUVbdse) 


C Life  Cycle  Repair  Labor  Costs. 
For  diqot  level  reou:  ." 


67.  C5D 


'TLCDi  ♦  DVfMHS  *  DLR 

Itasks/L.C./ jasei  *  (man- hr/task)  ($/mdint  man-hr) 


DMMHR  -  cepot  h'-vei  rnaintenanci-  r  c.ri-hours  requireo 
for  SRll  repai' 


For  b,ise  level 


AD-A141  991 
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Vt 

UN’CLASSIFIED 
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NL 
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76. 

C9D 

TFD  *  MENREQ  *  TRWS  »  iTRCS  +  40.  -  DLR)/M 
(ratio)  *  (No.  man)  *  (wk/man)  *  ($/wk  +  hrs/wk  *  $/hr)/ 
(No.  bases) 

where 

TRWS  =  the  amount  of  time  required  for  training,  and 
TRCS  =  the  expected  training  cost  per  week 

Hours  = 

FAILP(i)  *  TQCTGV.  *  3MMHS 
(ratio)  *  (tasks/mo/base)  *  (hr/ task) 

77. 

MENREQ 

Hours/BAA 

(hr/mo/baseV(hr/mo/.vian/ 

78. 

C93 

TFB  MENREQ  *  TRWS  »  (TRCS  +  40.  *  BLR) 

(ratio)  *  (No.  men)  *  (wk/man  *  ($/wk  +  hr/wk  ♦  $/hr) 

79. 

DEPOT  $  = 

CID  -rCSD  +  C6D  +  C8D  +  C9D 

SO. 

SCRAP  $  = 

CiS 

81. 

BASE  $  = 

CIB  +  C2B  +  C3B  -  C5B  C6B  +  C7B  +  C8B  +  C9B 

82. 

DECl  $  = 

C2D1  +  C4D1 

83. 

DEc2  $  = 

C2D2  I-  C3D2 

The  3UI'"  labeled  DEPOT  $  is  applicable  if  the  LRU  containing  the  SRU  is  depot 
repaired;  if  the  LRU  is  base  repaired,  then  the  applicable  SRU  cost  is  DEPOT  $  +  DECl  $ 
>  DEC2  $.  Similarly,  the  SCRAP  $  cost  is  applicable  if  the  LRU  is  depot  repaired,  but 
when  the  LRU  is  base  repaired  then  the  SRU  cost  is  SCRAP  $  +  DEC2  $. 

2.3  Support  Equipment  Computations. 

Three  types  of  support  equipment  costs  are  summed  to  reflect  the  5E  investment  at 
depot  and  base  level;  new  facilities,  SE  acquisition,  and  life  cycle  SE  operations  and 
maintenance  cost.  The  SE  facilities  cost  (SEFAC)  is  not  computed  by  the  program;  it  is  a 
user  supplied  value  for  each  SE  resource.  The  other  two  costs  are  determined  as  a 
function  of  the  number  of  units  of  the  SE  required  to  support  the  repair  workload. 

The  monthly  workload  for  each  SE  is  computed  by  summing,  for  every  LRU  and/or 
SRU  which  requires  the  SE,  the  product  of  the  expected  number  of  monthly  failures  times 
the  maintenance  man-hours  required  for  each  repair.  For  new  SE  resources  the  number  of 
units  required  (REQMT)  is  the  total  usage  hours  per  month  (USEHRS)  divided  by  the 
number  of  hours  per  month  that  the  equipment  will  be  available  (OPHRS).  That  is, 

84.  REQMT  =  USEHRS/OPHRS 

(reqd  user  hr)/{hr/mo  avail  on  SE) 

with  REQMT  adjusted  to  the  next  higher  integer. 

For  SE  resources  which  currently  exist,  at  depot  and/or  base  level,  the  REQMT  is 
determined  based  on  the  existing  available  repair  time  (AVHRS): 
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85.  AVHRS 


NSE  *  (OPHRS  -  BSYHRS) 

(No.  SE)  *  (op  hr/SE  -  busy  hr/SE) 

where  NSE  =  the  number  of  units  currently  installed,  and 

BSYHRS  =  the  number  of  hours  currently  utilized  on  each  unit 

If  AVHRS  is  greater  than  the  new  workload  requirement,  USEHRS,  then  REQMT  will  be 
zero;  otherwise  the  REQMT  is  successively  incremented  by  1  until  the  additional  available 
hours  will  satisfy  the  USEHRS  required. 

The  SE  acquisition  cost  (SEACQ)  is: 

86.  SEACQ  =  REQMT  *  UCSE 

(No.  SE)  *  ($/SE) 

where  UCSE  =  the  unit  cost  of  the  SE  resource 

The  SE  operations  and  maintenance  cost  is: 

87.  SEOPNS  =  (AINT  (USEHRS/OPHRS)  +  1)  SEOPFF  *  PIUP 

(reqd  user  hr)/(hr/mo  avail  on  SE)  ($/year)  (yr  L.C.) 

where  SEOPF  =  the  annual  cost  of  operations  and  maintenance  of  the  SE 

The  total  SE  cost  per  life  cycle  is: 

88.  SECOST  =  SEFAC  +  SEACQ  +  SEOPNS 

($  facilities  +  $  SE  acquis  +  $  SE  operations) 

For  depot  SE  resources  this  value  is  divided  by  the  number  of  bases  to  obtain  a  per  base 
cost.  Similarly,  for  SE  software  to  be  used  at  depot  level  the  total  cost  is  divided  by  the 
number  of  bases  in  order  to  obtain  a  per  base  cost  for  software  development. 

The  SE  development  is 

89.  SEDEV  =  DEV  «  lOCO./M 

($/base) 

where  DEV  =  the  SE  development  cost  in  thousands  of  dollars. 

NOTE,  the  SE  development  cost  is  divided  by  the  number  of  bases  to  obtain  a  per  base 
cost. 
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Appendix  ^ 

Network  Formulation  and  Solution 


in  order  to  understand  the  NRLA  neiwor!:  formulation  and  solution  a  small  non-NRLA 
example  is  given  and  application  of  the  Max-Flow  Min-Cut  process  is  shown. 

1.  Max-Flow  Min-Cut  Applicability.  The  NRLA  model  employs  a  max-flow  min- 
cut  algorithm  to  determine  repair  level  decisions  which  minimize  expected  costs.  The 
applicability  of  this  technique  will  be  explained  by  in  example. 

Consider  a  situation  in  which  a  fluid  is  to  be  pumped  through  a  pipeline  from  location 
S  to  location  T.  The  locations  are  conr.ected,  v.a  intermediate  locations,  by  two 
pipelines,  S-A-C-T  and  S-B-D-T  as  shown  in  Figure  21.  The  numbers  next  to  each  arc 
represent  the  fluid  carrying  capacity  of  the  pipe  connecting  the  locat.ons.  Thus,  the 
maximum  flow  from  location  S  to  location  A  is  18  gallons  per  minute  and  from  S  to  B  the 
maximum  is  9.  Therefore,  the  total  output  capacity  of  S  is  18  plus  9,  or  27.  Similarly,  at 
T  the  maximum  input  capacity  is  15  plus  13,  or  28.  However,  the  actual  maximum  flow 
from  S  to  T  is  not  27  or  28.  The  flow  along  the  route  S-A-C-T  is  constrained  to  15,  the 
maximum  capacity  from  C  to  T.  Similarly,  the  maximum  capacity  trom  S  to  B  limits  the 
flow  along  the  other  pipeline  to  9.  Consequently,  the  total  mcxirnum  flow  from  S  to  T  is 
15  plus  9,  or  24. 

The  above  discussion  focused  on  finding  tne  maximum  flow  through  a  network.  This 
maximization  approach  may  seem  inappropriate  for  the  repair  level  decision  problem  in 
which  the  objective  is  to  find  a  minimum  cost  solution.  The  apparent  inconsistency  can  be 
resolved  by  taking  a  different  view  of  the  network  shown  in  Figure  21. 

Suppose  tnat  the  network  still  represents  a  pipeline  through  which  a  fluid  Hows  out 
the  problem  to  be  solved  is  to  determine  the  best  way  to  stop  the  fluid  flow.  Assume  that 
the  flow  in  any  of  the  sections  of  the  pipeline  can  be  stopped  by  purchasing  a  plug,  and 
that  the  cost  of  a  plug  is  directly  proportional  to  the  capacity  of  the  pipe  for  which  it  is 
purchased.  For  example,  a  plug  for  the  section  from  S  to  A  would  cost  $18,  and  for  the 
section  from  S  to  B,  $9. 

The  tota»  flow  could  be  halted  by  plugging  the  two  pipes  emanating  from  S  at  a  cost 
of  $18  plus  $9,  or  $27.  Similarly,  the  flow  could  be  halted  at  T  by  purchasing  plugs  costing 
$15  and  $13,  or  $28.  There  are  seven  other  combinations  of  two  plugs  which  can  be  used 
to  cut  off  the  flow  from  S  to  T.  The  least  cost  combination  involves  the  arcs  S-B  and  C-T 
at  a  total  cost  of  $24. 

The  fact  that  the  numeric  value  of  the  minimum  cut,  24,  is  identical  to  the  value  for 
the  maximum  flow  is  not  coincidental.  This  occurs  because  each  is  directly  a  function  of 
the  constraining  arcs  in  the  network.  That  is,  by  finding  the  minimum  cut  for  a  network 
the  maximum  flow  is  also  found. 

To  convert  from  the  fluid  flow  network  to  an  RLA  cost  network,  consider  a  redefini¬ 
tion  for  the  numbers  on  the  arcs.  Now  the  18  and  9  represent  the  cost  of  performing 
depot  repair  for  two  different  items.  The  20  and  16  represent  the  costs  for  scrapping  the 
items,  while  15  and  13  represent  base  repair  costs.  The  problem  is  now  to  find  the  least 
cost  repair  alternatives. 

The  cost  for  depot  repair  of  both  items  would  be  18  plus  9,  or  27;  scrapping  both 
items  would  be  36;  and  base  repair  for  both  items  would  be  28.  The  least  cost  alternative 
is  15  plus  9,  or  24.  This  decision  represents  base  repair  for  one  item  and  depot  repair  for 


95 


the  other.  Note  that  the  cost  of  these  two  cte^  isions,  24,  is  the  same  as  the  result  ob¬ 
tained  in  tne  fluid  flew  example  when  considering  the  maximum  flow  and  the  minimum 
cut.  Thus,  the  repair  level  decision  problem  can  be  formulated  in  terms  of  a  network  and 
solved  witn  a  max-flow  min-cut  algorithm  to  determine  the  least  cost  decisions. 

Although  the  above  example  does  not  include  LRU  to  SRU  relationships  or  support 
equipment  requirements  they  are  easily  accommodated  into  the  network  structure.  The 
method  for  including  them  is  presented  in  the  next  section. 

2.0  The  NRLA  Network 

2.1  Network  Construction.  In  order  to  fully  u^der^tand  the  operation  of  NRLA  it  is 
necessary  to  understand  how  the  ten  types  of  decision  cost  factors  can  be  structured  as  a 
network.  Figure  22  a,  b,  and  c  showc  such  a  network.  Three  variations  are  used  in  order 
that  all  information  required  may  be  easily  visualized.  They  all  represent  the  same 
network.  The  circles  or  nodes  serve  to  act  as  markers  defining  the  arc  ends  enabling  easy 
identification.  In  terms  of  a  pipeline  they  represent  joints.  The  lines  1  through  7,  and  2a 
represents  cuts.  These  are  discussed  in  section  2.3.  In  Appendix  3,  Equations  47-49,  79- 
S3,  and  88  are  used  to  represent  ten  kinds  of  costs.  (Equation  88  represents  SE  at  depot 
and  at  base  when  different  variable  data  is  used.)  These  equations  were  showm  in  a 
tabularized  form  in  Table  13  in  Appendix  1.  We  see  how  the  eleven  logistic  factors  w'ere 
summed  to  ten  decision  co^t  factors  representing  the  ten  decision  components.  Figure  22 
represents  the  ten  cost  factors  as  a  network. 

2.2  Relational  Arcs 


The  normal  azed  arcs  represent  potential  decisions.  The  heavy  arcs  represent 
"dummy"  or  relational  arcs.  They  are  used  to  permit  flows  but  they  can  never  restrain 
flows.  If  the  network  is  viewed  as  a  pipeline,  arcs  1-2,  l-3>  4-6,  5-4,  and  5-6  would  have 
very  large  diameters,  each  perhaps  with  a  diameter  as  large  as  the  sum  of  all  other  (non¬ 
dummy)  arcs.  In  terms  of  costs  the  very  large  costs  associated  with  large  diameters  are 
pseudo-costs.  The  large  pseudo-costs  prevent  the  dummy  arcs  from  ever  limiting  or 
restricting  the  flow.  We  always  choose  to  avoid  them.  The  amount  of  flow  in  1-2  and  1-3 
is  controlled  by  the  flow  in  5-1.  The  flow  in  i-2  or  1-3  can  never  limit  the  flow  in  S-1. 
Notice  that  there  are  ten  non-dumrny  arcs.  These  represent  the  ten  possible  decision 
factors  discussed  in  Appendix  I,  Tabic  13. 

The  ten  decision  cost  factors  when  structured  as  a  network  with  the  proper  set  of 
relational  arcs  permits  the  seven  decisions  in  Table  14  and  the  seven  cuts  of  Figure  22. 

2.3  Cuts 

Before  explaining  the  dummy  or  relational  arcs  it  is  first  necessary  to  define  a  cut. 
We  should  consider  that  when  a  set  of  decisions  is  selected,  mathematically  the  nodes  of 
the  network  have  been  divided  into  two  setsi  those  associated  with  the  S  or  source  and 
those  associated  with  the  T  or  terminal.  This  is  a  cut.  In  Figure  22  we  note  that  each  of 
the  cuts  individually  considered  divides  the  network  into  two  sets  of  nodes  each  associated 
with  an  5  or  T. 


In  "max-flow  min-cut"  problems  we  wish  to  find  the  least  cost  means  of  stopping  the 
flow.  Once  a  cut  has  been  selected  ^  tlie  arcs  leaving  the  S  set  or  entering  the  T  set  and 
only  these  are  the  ones  which  "plug"  the  network.  These  are  the  cut  set.  The  reader 
should  consult  a  good  book  on  network  theory  for  greater  detail  on  networks  and  cuts. 
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Referri.T^  Oock  to  tn<.  figure  we  notice  ihat  no.io  of  the  dummy  or  relational  arcs  act 
as  plugs.  They  al!  enter  the  S  set  or  leave  the  T  set.  The  network  was  deliberately 
constructed  in  this  tasnion.  The  purpose  of  them  ci  to  prevent  certain  decisions.  As  an 
example:  cut  2a  is  used  then  i-RU  and  SRU  are  both  Base  repaired  but  no  SE  is 

included.  However  the  relational  arcs  ^*-6  and  5-6  are  so  large  (costly)  that  any  solution 
excluding  them  and  rther  dummies,  will  be  less  expensive. 

Thus,  2a  is  a  viable  cut  ui  that  it  would  separate  the  network  into  an  S  and  T  set,  but 
s  nee  the  dummies  4-6  and  5-6  must  be  counted  in  the  cost  of  the  decision,  it  is  a  very 
expensive  decision  emd  cut  2  will  always  be  a  better  selection.  Tnus,  the  dummies  4-6  and 
5-6  force  the  use  of  SE  at  Base  if  either  LRU  or  SRL  is  Base  repaired.  Arcs  1-2  and  1-3 
act  analogously  to  4-6  and  5-6  except  at  the  depot  level.  Arc  5-4  serves  to  prevent  depot 
repair  o'  the  LRU  combinea  with  Base  repair  of  the  SRU. 

2.4  Decision  Arcs 


The  arcs  2-3  and  4-5  (DECl  and  DEC2)  are  used  in  order  that  certain  inventory  costs 
may  be  included  with  certam  decisions.  If  the  LRU  is  Base  repaired  and  the  SRU  is 
scrapped,  replacement  SRL's  must  be  transported  from  cepot  to  base  and  stocked  at  base. 
These  are  DEC2  costs.  If  tne  LRU  is  base  repaired  and  the  SRU  is  depot  repaired,  SRUs 
must  be  stocked  at  both  depot  and  base  and  transported  both  ways.  Since  DEC2  already 
carries  Base  Stock  and  one  way  transportation  costs,  DECl  carries  the  depot  stock  costs 
and  one  way  transportation  costs.  Combined  as  in  Cut  6  they  represent  round  trip 
transportation  and  stockage  at  base  and  depot. 

2.5  Scrap  Costs 

Table  1  shows  how  the  logistic  costs  are  summed  as  necessary  to  obtain  the  ten  arc 
costs.  Equation  number:,  from  Appendix  3  are  then  used  to  relate  specific  equations  with 
the  table.  This  is  correct  for  all  items  except  LRU  scrap  costs.  For  LRU  scrap  costs  the 
required  arc  cost  is  the  difference  between  the  LRU  cost  and  the  SRU  cost  for  the  related 
failure  mode.  This  is  the  difference  between  equation  48  and  50.  This  difference  is  used 
since  cut  3  which  is  the  cost  of  scrapping  the  LRU  involves  2-4  the  LRU  scrap  cost  and  3- 
5  the  SRU  scrap  cost.  If  summed  as  described  then  the  SRU  cost  would  have  been 
included  twice,  once  as  part  of  the  LRU  in  arc  2-4  and  once  as  the  SRU  arc  3-5.  By 
subtracting  out  the  cost  of  the  SRU  from  the  LRU  arc  2-4,  cut  3  which  requires  the  sum 
of  2-4  and  3-5  totals  to  the  cost  of  the  LRU  when  scrapped. 

2.6  Solving  the  Sample  Network 

Returning  to  the  non-dummy  arcs  the  costs  associated  with  the  ten  respective 
decision  components  are  used  to  represent  the  diameters  of  the  respective  arcs.  If  the 
cost  of  stopping  the  flow  in  an  arc  (purchasing  a  plug)  is  proportional  to  its  diameter,  the 
question  is,  what  is  the  minimum  cost  means  of  stopping  the  flow  in  the  network?  For 
which  arcs  should  we  buy  plugs?  It  is  precisely  this  problem  that  the  mathematical 
algorithm  called  "max-flow  min-cut"  solves.  This  total  then  is  the  system  cost  of  the 
decision.  As  an  example  in  Figure  22,  Cut  6  selects  LRU  at  intermediate.  Intermediate 
SE,  DEC2,  DECl,  SRU  at  depot  and  Depot  SE  for  the  failure  mode  represented.  These 
costs  then  would  be  totaled  to  get  the  system  costs. 

If  S-2,  2-4,  and  4-T  represent  Depot,  Scrap,  and  Intermediate  repair  for  an  LRU 
respectively,  S-3,  3-5,  5-T  represent  the  same  for  an  SRU,  and  2-3,  4-5  represent  certain 
inventory  carrying  costs.  There  are  seven  possible  valid  decisions.  These  are  shown  in 
Table  14  and  Figure  22. 
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As  an  example,  Cut  4  shows  LRU  at  depot,  SE  at  depot,  and  SRU  scrap  being 
selected.  Arc  2-3  (DECl)  is  not  cut.  It  enters  the  source  group  of  nodes.  The  total  cost 
for  the  life  cycle  is  determined  by  summing  the  three  elements  (a)  LRU  at  Depot,  (b) 
Depot  SE,  and  (c)  Scrapping  the  SRU.  Table  14  shows  the  same  decision  in  a  tabularized 
form. 


By  careful  review  of  Tables  13  and  14  and  Figure  22  the  user  will  see  how  the  eleven 
logistic  factors  developed  in  Appendix  1  may  be  summed  to  ten  decision  components. 
These  ten  decision  components  may  then  be  structured  as  a  network  if  the  dummy  arcs  are 
used.  The  network  permits  only  7  feasible  decisions.  The  selection  of  a  particular 
decision  depends  upon  the  costs  associated  with  the  arcs  of  the  network.  The  total  cost  is 
the  sum  of  the  cost  of  the  cut  arcs. 

Cut  7  represents  an  anomalous  situation.  The  LRU  is  scrapped,  but  the  SRU  is  depot 
repaired.  It  is  not  possible  to  structure  the  network  to  exclude  the  possibility  of  Cut  7.  If 
this  result  occurs,  as  previously  noted,  the  user  should  rerun  the  network  twice  for  each 
occurrence  using  the  forcing  procedure.  The  runs  are  (1)  excluding  LRU  scrap  and  (2) 
forcing  the  LRU  and  SRU  to  be  scrapped.  The  minimum  of  these  costs  represents  the 
optimal  solution. 

2.7  Full  Size  Networks 


Where  more  than  one  LRU  or  SRU  is  involved,  additional  arcs  in  parallel  to  those 
shown  are  required.  Figure  23  shows  a  network  with  two  LRUs,  two  SRUs,  and  two  types 
of  SE  at  Depot  only,  and  one  type  at  base. 
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